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PREFACE
This textbook on Basic Immunochemistry is written to provide academic in formation on
Immunology and Immunochemistry for teachers’ band students of Undergraduate and
Postgraduate level pursuing courses in Basic Medical and Biological Sciences. It contains Basic
concepts and theoretical overview of Immunology and Immunochemistry. Principles, Procedure
and Applications immunochemical techniques are extensively discussed.
Interested readers will find this book interacting and educative
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CHAPTER ONE
BASIC CONCEPTS
Immunochemistry
Immunochemistry is a branch of chemistry that involves the study of the molecular mechanisms
underlying the function of the immune system, especially the nature of antibodies, antigens and
their interactions. The study of the chemical reactions of immunity. A method for the detection
and localization of proteins and other cellular components using antibodies that specifically label
the materials. Immunochemistry is also studied from the aspect of using antibodies to label
epitopes of interest in cells (immunocytochemistry) or tissues (immunohistochemistry). The
chemistry of immunologic phenomena, as of antigen-antibody reactions.
Immunochemistry is a branch of chemistry that studies the immune system. This includes the
body’s cellular and chemical responses to bacterial, fungal, and viral organisms. In the early
1900s, scientists Karl Landsteiner and Svante Arrhenius developed chemical methods of
studying antibodies and their antitoxin response to toxins. These studies eventually led to the
tests used to detect specific diseases and methods of treating different maladies. Throughout
human history, it has been understood that when an illness subsides, the individual who was ill is
less likely to have a recurrence. In 1798, the English physician, Edward Jenner, tested a means of
creating smallpox immunity by injecting another person with the contents of a cowpox lesion.
The result was immunization against smallpox. Later scientists would discover the actions and
components of the immune system.
During the early phases of immunochemistry, researchers formulated methods of observing
immune responses outside of the body. These pioneers concluded that chemical reactions
occurred but were unsure what exactly triggered a reaction or how to reproduce this reaction.
Laboratory research revealed haptens, which are parts of antigens. Researchers eventually
discovered that an immune response reaction occurred when antibodies contacted haptens that
were attached to specific proteins. Using the combined substance, further testing indicated that
an antigen reaction generally included the formation of a precipitate..

Continued evaluation of antibodies and reactants revealed that these immune system components
distinguished between molecular structures with even the slightest difference. Certain substances
produced a greater reaction than others. As an example, compounds containing a carboxylic
group elicited a smaller response than substances containing a sulfuonic group. Advancements in
immunochemistry eventually allowed researchers to study antibody binding and reacting
properties by using luminescent molecules. Later research techniques usually involved
electrophoresis. At the beginning of the 20th century, scientists also developed the Wasserman
test for syphilis. The test was commonly performed by combining a sample of blood or
cerebrospinal fluid with a lipid from sheep. The antibodies combined with the lipid exhibited
varying degrees of reaction, depending on the severity of the condition. This type of test was also
effective for detecting malaria and tuberculosis. The tests were not fool proof, and false positives
or negatives sometimes occurred. Currently laboratory technicians use more sophisticated
methods of testing.

Virology, or the study of viruses, is also a branch of immunochemistry that classifies viruses,
analyzes how infections are acquired, and develops methods of treatment. Molecular evolution
usually involves the study microbiology at the level of deoxyribonucleic acid (DNA), ribonucleic
acid (RNA) and proteins. This includes immunochemistry when the study concerns disease
processes and infection.
Some milestones in the History of Immunology
1718: Lady Mary Wortley Montagu, the wife of the British ambassador to Constantinople,
observed the positive effects of variolation — the deliberate infection with the smallpox disease
— on the native population and had the technique performed on her own children.
1796: Edward Jenner was the first to demonstrate the smallpox vaccine.
1840: Jakob Henle put forth the first modern proposal of the germ theory of disease.
1857-1870: The role of microbes in fermentation was confirmed by Louis Pasteur.
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1880-1881: The theory that bacterial virulence could be used as vaccines was developed. Pasteur
put this theory into practice by experimenting with chicken cholera and anthrax vaccines. On
May 5, 1881, Pasteur vaccinated 24 sheep, one goat, and six cows with five drops of live
attenuated anthrax bacillus.
1885: Joseph Meister, 9 years old, was injected with the attenuated rabies vaccine by Pasteur
after being bitten by a rabid dog. He is the first known human to survive rabies.
1886: American microbiologist Theobold Smith demonstrated that heat-killed cultures of
chicken cholera bacillus were effective in protecting against cholera.
1903: Maurice Arthus described the localizing allergic reaction that is now known as the Arthus
response.
1949: John Enders, Thomas Weller and Frederick Robbins experimented with the growth of
polio virus in tissue culture, neutralization with immune sera, and demonstration of attenuation
of neurovirulence with repetitive passage.
1951: Vaccine against yellow fever was developed.
1983: HIV (human immunodeficiency virus) was discovered by French virologist Luc
Montagnier.
1986: Hepatitis B vaccine was produced by genetic engineering.
2005: Ian Frazer developed the human papillomavirus vaccine.
Immunology
A science that deals with the immune system and the cell-mediated and humoral aspects of
immunity and immune responses. A science that deals with the ways in which the body protects
itself from diseases and infections
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Immune system
Our environment contains a great variety of infectious microbes – viruses, bacteria, fungi,
protozoa and multi cellular parasites which can cause disease, and if they multiply unchecked,
eventually kill their host. Most infections in normal individuals are short-lived leaving little
damage. This is due to the immune system, which combats infectious agents.
Immunology is a complicated subject. However, an understanding of the basic function of the
immune system is useful in order to understand both how vaccines work and the basis of
recommendations for their use.
The immune system is a complex system of interacting cells whose primary purpose is to
identify foreign (“non-self”) substances referred to as antigens. The immune system provides
protection from infectious disease by identify most of these microbes as foreign. Immunity is
generally very specific to a single organism or group of closely related organisms. Because
microorganisms come in many different forms, a wide variety of immune responses are required
to deal with each type of infection.
The immune system could be described as a sensory organ much like vision, hearing and touch.
Instead of recognising light, sound waves or large objects, the immune system recognises
molecular shapes - only a few amino acids in length. Those shapes lacking a self identification
tag may be recognised as foreign, triggering a series of events that eventuate in an immune
response.
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Antigen
An antigen is a substance that stimulates an immune response, especially the production of
antibodies. Antigens are usually proteins or polysaccharides (long chains of sugar molecules that
make up the cell wall of certain bacteria), but can be any type of molecule, including small
molecules (haptens) coupled to a protein (carrier).
Antigens induce immunity. The immune system develops a defence against foreign antigens.
This defence is known as the immune response and usually involves the production of protein
molecules, called antibodies (or immunoglobulins or Ig), and of specific cells (also known as
cell-mediated immunity) whose purpose is to facilitate the elimination of foreign substances.
The most effective immune responses are generally produced in response to a live organism.
However, an antigen does not necessarily have to be a live natural infection with a virus or
bacteria, to produce an excellent immune response. Some proteins, such as hepatitis B surface
antigen, are easily recognised by the immune system. Other material, such as polysaccharides,
are less effective antigens and the immune response may not provide as good protection.
The part of the antigen that antibody binds to is called the antigenic determinant, antigenic site or
epitope. A given organism contains many different antigens. Viruses can contain as few as three
(polyoma virus) to more than 100 (herpes and pox), whereas protozoa, fungi and bacteria contain
hundreds to thousands.
Non specific defences
In the first instance the exterior defences of the body present an effective barrier to most
organisms and very few infectious agents can penetrate the intact skin. There are also a variety of
biochemical and physical barriers. The body also tolerates a number of commensal organisms,
which

compete

effectively

with
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many

potential

pathogens.

Examples of non-specific immunity:


Skin - a great physical barrier, like a waterproof wall.



Mucus – sticky, germs get stuck in it, it also has antibody in it.



Cilia – hairs that pass debris up throat and out to the nostrils.



Lysosyme - an enzyme present in tears that breaks down bacteria.



Phagocytes – various cells that scavenge up and engulf cell debris.



Commensal bacteria- Non-harmful bacteria on skin and gut that leave little or no room
for harmful bacteria to attach, and limited nutrients for them to grow.



Acid - in stomach and urine, make it hard for any germs to survive.



Fever – elevates the temperature making it difficult for infectious agents to survive.

Non-specific defences are present in all normal individuals. The non-specific system alerts the
specific arm of the immune system to infection. In contrast to the non specific arm, some of the
specific defence systems require time to develop following exposure to infection. Specific
immunity may be acquired naturally by infection or artificially by immunisation. The body
prevents infection by a number of non-specific and specific mechanisms working on their own or
together.
When we discuss the immune system in terms of vaccination we usually refer to the Specific arm
of the immune system, also known as adaptive immunity.
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Specific immunity
Active and passive immunity
There are two basic mechanisms for acquiring immunity - active and passive.
Active immunity is protection that is produced by the person’s own immune system. This type of
immunity is usually permanent.
Passive immunity is protection by products produced by an animal or human, and transferred to
another human, usually by injection. Passive immunity often provides effective protection, but
this protection wanes (disappears) with time, usually a few weeks or months.
Passive immunity is the transfer of antibody produced by one human or other animal to another.
Passive immunity provides protection against some infections, but this protection is temporary.
The antibodies will degrade during a period of weeks to months and the recipient will no longer
be protected. The most common form of passive immunity is that which an infant receives from
its mother. Antibodies are transported across the placenta during the last 1-2 months of
pregnancy. These antibodies will protect the infant from certain diseases for up to a year.
Protection is better against some diseases (e.g., measles, rubella, tetanus) than others (e.g., polio,
pertussis).
Active immunity is stimulation of the immune system to produce antigen-specific humoral
(antibody) and cellular immunity. Unlike passive immunity, which is temporary, active
immunity usually lasts for many years, often for a lifetime. One way to acquire active immunity
is to have the natural disease. In general, once persons recover from an infectious disease, they
will be immune to those diseases for the rest of their lives. Pertussis is an exception.
The persistence of protection for many years after the infection is known as immunologic
memory. Following exposure of the immune system to an antigen, certain cells (memory B-cells)
continue to circulate in the blood (and also reside in the bone marrow) for many years. Upon reexposure to the antigen, these memory cells begin to replicate and produce antibody very rapidly
tore-establish protection.
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Another way to produce active immunity is by vaccination. Vaccines interact with the immune
system and often produce an immune response similar to that produced by the natural infection,
but do not subject the recipient to the disease and its potential complications. Vaccines produce
immunologic memory similar to that acquired by having the natural disease.
Many factors may influence the immune response to vaccination. These include the presence of
maternal antibody, nature and dose of antigen, route of administration, and the presence of
adjuvant (e.g., aluminum-containing materials added to improve the immunogenicity of the
vaccine). Host factors such as age, nutritional factors, genetics, and prolonged psychological
stress and coexisting disease, may also affect the response.
Passive immunity is the transfer of active immunity, in the form of readymade antibodies, from
one individual to another. Passive immunity can occur naturally, when maternal antibodies are
transferred to the fetus through the placenta, and can also be induced artificially, when high
levels of human (or horse) antibodies specific for a pathogen or toxin are transferred to nonimmune individuals. Passive immunization is used when there is a high risk of infection and
insufficient time for the body to develop its own immune response, or to reduce the symptoms of
ongoing or immunosuppressive diseases. Passive immunity provides immediate protection, but
the body does not develop memory, therefore the patient is at risk of being infected by the same
pathogen later
Naturally acquired passive immunity
Maternal passive immunity is a type of naturally acquired passive immunity, and refers to
antibody-mediated immunity conveyed to a fetus by its mother during pregnancy. Maternal
antibodies (MatAb) are passed through the placenta to the fetus by an FcRn receptor on placental
cells. This occurs around the third month of gestation. IgG is the only antibody isotype that can
pass through the placenta. Passive immunity is also provided through the transfer of IgA
antibodies found in breast milk that are transferred to the gut of the infant, protecting against
bacterial infections, until the newborn can synthesize its own antibodies.
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Artificially acquired passive immunity
Artificially acquired passive immunity is a short-term immunization induced by the transfer of
antibodies, which can be administered in several forms; as human or animal blood plasma, as
pooled human immunoglobulin for intravenous (IVIG) or intramuscular (IG) use, and in the form
of monoclonal antibodies (MAb). Passive transfer is used prophylactically in the case of
immunodeficiency diseases, such as hypogammaglobulinemia. It is also used in the treatment of
several types of acute infection, and to treat poisoning. Immunity derived from passive
immunization lasts for only a short period of time, and there is also a potential risk for
hypersensitivity reactions, and serum sickness, especially from gamma globulin of non-human
origin.
The artificial induction of passive immunity has been used for over a century to treat infectious
disease, and prior to the advent of antibiotics, was often the only specific treatment for certain
infections. Immunoglobulin therapy continued to be a first line therapy in the treatment of severe
respiratory diseases until the 1930s, even after sulfonamide lot antibiotics were introduced.
Passive transfer of cell-mediated immunity
Passive or "adoptive transfer" of cell-mediated immunity, is conferred by the transfer of
"sensitized" or activated T-cells from one individual into another. It is rarely used in humans
because it requires histocompatible (matched) donors, which are often difficult to find. In
unmatched donors this type of transfer carries severe risks of graft versus host disease. It has,
however, been used to treat certain diseases including some types of cancer and
immunodeficiency. This type of transfer differs from a bone marrow transplant, in which
(undifferentiated) hematopoietic stem cells are transferred.
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Naturally acquired active immunity
Naturally acquired active immunity occurs when a person is exposed to a live pathogen, and
develops a primary immune response, which leads to immunological memory. This type of
immunity is "natural" because it is not induced by deliberate exposure. Many disorders of
immune system function can affect the formation of active immunity such as immunodeficiency
(both acquired and congenital forms) and immunosuppression.
Artificially acquired active immunity
Artificially acquired active immunity can be induced by a vaccine, a substance that contains
antigen. A vaccine stimulates a primary response against the antigen without causing symptoms
of the disease. The term vaccination was coined by Richard Dunning, a colleague of Edward
Jenner, and adapted by Louis Pasteur for his pioneering work in vaccination. The method Pasteur
used entailed treating the infectious agents for those diseases so they lost the ability to cause
serious disease. Pasteur adopted the name vaccine as a generic term in honor of Jenner's
discovery, which Pasteur's work built upon.
There are four types of traditional vaccines:
Inactivated vaccines are composed of micro-organisms that have been killed with chemicals
and/or heat and are no longer infectious. Examples are vaccines against flu, cholera, plague, and
hepatitis A. Most vaccines of this type are likely to require booster shots.
Live, attenuated vaccines are composed of micro-organisms that have been cultivated under
conditions which disable their ability to induce disease. These responses are more durable and do
not generally require booster shots. Examples include yellow fever, measles, rubella, and
mumps.
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Toxoids are inactivated toxic compounds from micro-organisms in cases where these (rather than
the micro-organism itself) cause illness, used prior to an encounter with the toxin of the microorganism. Examples of toxoid-based vaccines include tetanus and diphtheria.
Subunit vaccines are composed of small fragments of disease causing organisms. A
characteristic example is the subunit vaccine against Hepatitis B virus.Most vaccines are given
by hypodermic or intramuscular injection as they are not absorbed reliably through the gut. Live
attenuated polio and some typhoid and cholera vaccines are given orally in order to produce
immunity based in the bowel.
Specific (adaptive) immunity
Any immune response involves, firstly, recognition of the pathogen or other foreign material,
and

secondly,

a

reaction

to

eliminate

it.

Broadly, the different types of immune response fall into two categories; innate (non adaptive)
and adaptive immune responses. The important difference between these is that the adaptive
immune response is highly specific for a particular pathogen. Moreover, although innate
response does not alter on repeated exposure to a given infectious agent, the adaptive response
improves with each successive encounter. In effect the adaptive immune system ‘remembers’ the
infection agent and can prevent it from causing disease later. For example diseases such as
measles and diphtheria induce adaptive immunity which generates lifelong immunity following
infection. The two key features of the adaptive immune response are thus specificity and
memory.In order to understand the mechanics of immunity it is useful to meet some of the
important tissues and cells of the immune system:
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The lymphatic system
The lymphatic vessels (or lymphatics) are a network of thin tubes that branch, like blood vessels,
into tissues throughout the body. Lymphatic vessels carry lymph, a colorless, watery fluid
originating from interstitial fluid (fluid in the tissues). Along this network of vessels are small
organs called lymph nodes. Clusters of lymph nodes are found in the underarms, groin, neck,
chest, and abdomen. The lymphatic system, which transports infection-fighting cells called
lymphocytes, is involved in the removal of foreign matter and cell debris by phagocytes (cells
that engulf) and is part of the body's immune system. When the body is fighting an infection,
these lymphocytes multiply rapidly and produce a characteristic swelling of the lymph nodes.
Lymphatic tissue is also found in other parts of the body, including the stomach, intestines, and
skin. Other parts of the lymphatic system are the spleen, thymus, tonsils, and bone marrow.
The thymus and bone marrow are the primary lymphatic organs. Lymphocytes are produced by
stem cells in the bone marrow and then migrate to either the thymus or bone marrow where they
mature. T-lymphocytes undergo maturation in the thymus (hence their name), and Blymphocytes undergo maturation in the bone marrow. After maturation, both B- and Tlymphocytes circulate in the lymph and accumulate in secondary lymphoid organs, where they
await recognition of antigens.
The spleen, lymph nodes, and accessory lymphoid tissue (including the tonsils and appendix) are
the secondary lymphoid organs. These organs contain scaffolding that support circulating B and
T-lymphocytes and other immune cells like macrophages and dendritic cells. When
microorganisms invade the body or the body encounters other antigens (such as pollen), the
antigens are transported from the tissue to the lymph. The lymph is carried in the lymph vessels
to regional lymph nodes. In the lymph nodes, the macrophages and dendritic cells which have
phagocytosed (engulfed) the antigens, process them, and present the antigens to lymphocytes,
which can then start producing antibodies or serve as memory cells to recognize the antigens
again in the future.
The spleen contains lymphocytes that filter the blood stream rather than the lymphatics. Thus,
the spleen has importance in fighting infections that have invaded the blood.
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Accessory lymphoid tissues act as barriers along points of entry for infections, such as the lung,
the reproductive system, and the gut.
Cells and molecules of the immune system
Immune responses are mediated by a variety of cells, and by the soluble molecules that they
secrete. Although the leucocytes are central to all immune responses, other cells also participate,
by signalling to the lymphocytes and responding to the cytokines (chemical messengers) released
by T lymphocytes and macrophages.
Cells and their functions
Leukocytes (White Blood Cells)
B-cells: Lymphocytes normally involved in the production of antibodies to combat infection.
They are precursors to plasma cells. During infections, individual B-cell clones multiply and are
transformed into plasma cells, which produce large amounts of antibodies against a particular
antigen on a foreign microbe. This transformation occurs through interaction with the
appropriate CD4 T-helper cells.
T-cells: A class of lymphocytes, so called because they are derived from the thymus and have
been through thymic processing. Involved primarily in controlling cell-mediated immune
reactions and in the control of B-cell development. The T-cells coordinate the immune system by
secreting lymphokine hormones (these are cytokines released by lymphocytes). There are 3
fundamentally different types of T-cells : helper, killer, and suppressor. Each has many
subdivisions. T-cells are also called T lymphocytes.
Phagocytes - Mononuclear phagocytes, Neutrophils, Eosinophils. These cells engulf foreign
organisms or particles. They form a link between the specific and the non specific arms of the
immune system by presenting foreign fragments on their surface to T-cells and B-cells.
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Auxiliary cells control inflammation and soluble mediators to the site of infection. – Basophils
and Mast-cells have granules in them that produce inflammation in surrounding tissues. They
also release a number of mediators that control the development of immune reactions. Platelets
also release inflammatory mediators.
Dendritic cells (DC) are immune cells and present at a low frequency in those tissues which are
in contact with the environment: in the skin (where they are often called Langerhans cells) and
the lining of nose, lungs, stomach and intestines. Especially in immature state, they can also be
found in blood. Once activated, they migrate to the lymphoid tissues where they interact with Tcells and B-cells to initiate and shape the immune response. In certain stages they have long
spiky arms, called dendrites, hence the name.
Soluble mediators: A wide variety of molecules are involved in the development of immune
responses. These include antibodies, cytokines and compliment (normally present in serum).
Although there is a vast array of these molecules, with many functions it is important to be aware
of a few as these are important in vaccination.
Antibody
An antibody is a protein used by the immune system to identify and neutralise foreign objects
like bacteria and viruses. Each antibody recognises a specific antigen unique to its target.
Production of antibodies is referred to as the humoral immune system. The terms antibody and
immunoglobulin are often used interchangeably. They are found in the blood and tissue fluids, as
well as many secretions. They are synthesised and secreted by plasma cells which are derived
from the B-cells of the immune system. B-cells are activated upon binding to their specific
antigen and differentiate into plasma cells.
There are five classes of antibody – IgG, IgA, IgM, IgD and IgE. These are all structurally
slightly different have a range of functions. Each B-cell can produce only one specific antibody
to an antigen, each antibody is highly specific and will bind to only one antigen.
14



IgG- This class of antibody is the most important class of immunoglobulin in secondary
immune responses. IgG crosses the placenta, conferring protection to the new born and is
able to activate the complement system through the classical pathway.



IgM is the predominant antibody in the primary immune responses. It can also activate
the classical pathway complement.



IgA is found primarily in secretions such as breast milk, tears, saliva and mucosal
membranes.



IgE – evolved to provide protection against certain parasitic infections however in
developed countries it is more commonly associated with allergic diseases such as asthma
and hayfever.



IgD – there is little known about this antibody.

Cytokines
Cytokines are small protein molecules that regulate communication among immune system cells
and between immune cells and those of other tissue types. Immune cells, as well as other cell
types in response to external stimuli actively secrete these chemicals. Cytokines that are
produced by immune cells form a subset known as lymphokines.
The actions of cytokines are complex - the same cytokine can have different effects on a cell
depending on the state of the cell. For instance, there are several known cytokines that have both
stimulating

and

suppressing

action

on

lymphocyte

cells

and

immune

response.

There are three classes of cytokines. Hundreds of cytokines have been discovered, and the rate of
discovery shows no sign of slowing.
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Complement
The complement system is derived from many small plasma proteins that form the complex
biochemical cascade of the immune system, leading to cell destruction, attraction of immune
cells, opsonisation and inflammation; it can mark pathogens for phagocytosis. It consists of more
than 35 proteins, 12 which are directly, involved in the complement pathways, while the rest
have regulatory functions. There are three biochemical pathways, which activate the complement
system: the classical complement pathway, the alternate complement pathway and the mannanbinding lectin pathway.
Opsonisation – antibody and complement
An opsonin is any molecule that acts as a binding enhancer for the process of phagocytosis.
During the process of opsonisation, antigens are bound by antibody and/or complement
molecules. Phagocytic cells express receptors that bind opsonin molecules. With the antigen
coated in these molecules, binding of the antigen to the phagocyte is greatly enhanced. Most
phagocytic binding cannot occur without opsonisation of the antigen. Furthermore, opsonisation
of the antigen and subsequent binding to an activated phagocyte will cause increased expression
of complement receptors on neighboring phagocytes. Examples of opsonin molecules include the
IgG antibody and the C3b, C4b, and iC3b components of the complement system. Antibody
opsonisation is when antibodies opsonise a pathogen. This opsonisation then makes the pathogen
vulnerable for phagocytosis because the antibody interacts with a receptor on the phagocyte.
Since antibodies also trigger the complement system, and the complement molecules also bind to
the pathogen to opsonise it, the pathogen is then doubly vulnerable since the complement can
bind to complement receptors on the phagocyte's surface, and is thus more recognizable as a
pathogen.
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T-cells
T-cells are a subset of lymphocytes that play a large role in the immune response. The
abbreviation "T" stands for thymus, the organ in which their final stage of development occurs.


Cytotoxic T-cells (CD8+) destroy infected cells. These cells function as "killer" or
cytotoxic cells because they are able to destroy target T-cells which express specific
antigens that they recognize. These cells are important in fighting viral infections and
tumours.



Helper T-cells (CD4+) are "middlemen" in the immune response. When they get
activated, they proliferate and secrete cytokines that regulate or "help" effector
lymphocyte function. They are known as one of the targets of HIV infection, and the
decrease of CD4+ T-cells results in AIDS. Some helper T-cells secrete cytokines that turn
off the immune response once an antigen has been eliminated from the body.



Regulatory T-cells (also known as suppressor T-cells) suppress activation of the immune
system and maintain immune system homeostasis. Failure of regulatory T-cells to
function properly may result in autoimmune diseases in which the immunocytes attack
healthy cells in the body.

Every effective immune response involves T-cell activation; however, T-cells are especially
important in cell-mediated immunity, which is the defense against tumor cells and pathogenic
organisms inside body cells. They are also involved in rejection reactions.
CD4 and CD8 refer to the characteristic antigens on the surface of the different sub-types of Tlymphocytes.
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Phagocytes
A phagocyte is a cell that ingests (and destroys) foreign matter, such as microorganisms or debris
via a process known as phagocytosis, in which these cells ingest and kill offending cells by
cellular digestion. These phagocytes are extremely useful as an initial immune system response
to tissue damage. There are two types of phagocytes, polymorphonuclear leukocytes and
macrophages, and each have an important role in the immune system. While polymorphonuclear
leukocytes typically respond swiftly and efficiently to invading pathogens; they are mainly
adapted for short term response. Macrophages on the other hand, are initially slow to react, but
are capable of engulfing and digesting almost any foreign agent, and last for a longer period of
time.

Polymorphonuclear leukocytes
The polymorphonuclear leukocytes, also known as granulocytes, include neutrophils, eosinophils
and basophils. Neutrophils are the most abundant kind of phagocytes. They reduce bacterial cells
to their constituent amino acids by ingesting, killing, and digesting them. Eosinophils secrete
special enzymes intended to create holes in parasitic worms. Finally, basophils secrete
substances such as histamine, in order to extend the period of inflammation.
Macrophages
Macrophages are adapted especially for sustained battles against foreign agents. In addition, they
help to clean up and remove damaged tissues. Immature macrophages, which are circulating in
the bloodstream, are called monocytes. These macrophages cannot react immediately, but once
they have developed, they are often referred to as 'killing machines' they act by phagocytising
and destroying anything that isn't recognized as belonging to the body. Macrophages are an
important part of the immune response to TB and other mycobacterial diseases (i.e. leprosy).
Phagocytes serve as an important link between the innate and the adaptive arms of the immune
systems
18

Antigen presenting cells
There are a number of cells that are able to take up foreign antigen and “present” it on their
surface for the rest of the immune system to see – in particular, T-cells and B-cells.
Cells that are particularly good at presenting antigen are: Dentritic cells, Macrophages and Bcells.
Humoral and cellular immune responses – making memory
Immune memory is retained by B-cells and T-cells. Responses by B-cells are humoral, responses
by T-cells are called cellular.
Humoral immunity is mediated by secreted antibodies, produced in the cells of the B lymphocyte
lineage (B-cell). Secreted antibodies bind to antigens on the surfaces of invading microbes,
which flags them for destruction. Humoral immunity refers to antibody production, and all the
accessory processes that accompany it.
Cell-mediated immunity is an immune response that does not involve antibodies but rather
involves the activation of macrophages and natural killer cells, the production of antigen-specific
cytotoxic T-lymphocytes, and the release of various cytokines in response to an antigen. Cellular
immunity protects the body by:


activating antigen-specific cytotoxic T-lymphocytes that are able to destroy body cells
displaying epitopes (fragments) of foreign antigen on their surface, such as virus-infected
cells, cells with intracellular bacteria, and cancer cells displaying tumor antigens;



activating macrophages and natural killer cells, enabling them to destroy intracellular
pathogens; and



stimulating cells to secrete a variety of cytokines that influence the function of other cells
involved in adaptive immune responses and innate immune responses.
19

Cell-mediated immunity is directed primarily at microbes that survive in phagocytes and
microbes that infect non-phagocytic cells. It is most effective in removing virus-infected cells,
but also participates in defending against fungi, protozoans, cancers, and intracellular bacteria.
Primary and secondary responses
When the body is first exposed to an antigen, several days pass before the adaptive immune
response becomes active. Immune activity then rises, levels off, and falls. During following
exposures to the same antigen, the immune system responds much more quickly and reaches
higher levels. Because the first, or primary, immune response is slow, it cannot prevent disease,
although it may help in recovery. In contrast, subsequent, or secondary, immune responses
usually can prevent disease because the pathogen is detected, attacked, and destroyed before
symptoms appear.
What is different about the infant immune system?
The infants’ immune system is intact but immature at birth. Some vaccines such as BCG and
Hepatitis B work well when they are administered at birth whereas others do not generate as
strong a response.
The main problem with babies’ immunity is that it is very naïve. At the time of birth babies have
not been exposed to any pathogens. This means that babies have to generate a full immune
response to every pathogen they encounter. Each immune response takes about 10 days to
generate. This is where maternal antibody can be important when present: It will help to protect
an infant if they are exposed to a pathogen in those first 10 days. Unlike other animals (such as
ruminants) which rely mainly on passive transfer of maternal antibodies in breast milk, humans
receive most of their maternal antibodies through placental transfer of IgG. However, there will
still be some antibodies transferred in breast milk, but the levels are much lower. In addition
human babies don’t have a porous stomach (like calves do) in order to absorb the antibody.
Therefore most of the antibody in breast milk will work in protecting pathogens crossing the oral
cavity.
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The developing immune system before and after birth
Maternal
The immune system is designed to recognize ‘self’ versus ‘non self’. This means our own
immune system can recognize our own cells as being safe and anything else as being a threat.
Obviously this has implications in pregnancy, where a developing fetus will be expressing
antigens from the father. Therefore during pregnancy modifications occur in the maternal
immune system at many levels. These changes are necessary to ensure a successful pregnancy. In
the absence of such changes the mother’s immune system would recognize the fetus as foreign
(like a pathogen) and reject it. Potentially dangerous T-cell responses are down regulated
(reduced) and some aspects of the non-specific immune system are activated. As previously
mentioned, at this time specific IgG antibody passes from the mother through the placenta to the
developing fetus providing it with temporary protection against some of the infections that the
mother has been exposed to or vaccinated against. This gives opportunities to provide newborns
with transient protection against some diseases.
Infant
The infant’s immune system is relatively complete at birth. It is clear that the IgG antibodies
received from mother are important for the protection of the infant during the first few months of
life while the infant is starting to develop its own repertoire. Passive transient protection by IgA
against many common illnesses is also provided to the infant in breast milk. Mother's milk
provides IgA against a wide range of microbes that the mother has had in her gut. Breast milk
has also been shown to assist in the development of the infant’s own immune system. There is
some, although weak, evidence to show that breastfed infants respond better to some vaccines.
The major impetus however for the expansion of lymphocytes (B and T cells) is the exposure to
microbes which colonies the gut during birth.
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Premature and low birth weight infants are at increased risk of experiencing complications of
vaccine preventable diseases and although the immunogenicity of some vaccines may be
decreased in the smallest preterm infants, the antibody concentrations achieved are usually
protective.

The protective effect of maternal antibodies in serum and milk.
Panel A – if maternal antibodies are present they afford protection to the infant. They can also
attenuate (weaken) infections should they occur allowing the infant to develop their own
immunity.
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Panel B – There is no protection offered to the infant in the absence of maternal antibody.
The relative immaturity of the infant immune system leaves them unable to respond well to
certain infectious agents, as well as some types of vaccine.
For the reasons discussed above, young infants are at particular risk of some diseases.

Innate and adaptive immunity

Scheme of a Fc receptor
It is the capability of the body to resist harmful microorganisms or viruses from entering it.
Immunity involves both specific and nonspecific components. The nonspecific components act
either as barriers or as eliminators of wide range of pathogens irrespective of antigenic
specificity. Other components of the immune system adapt themselves to each new disease
encountered and are able to generate pathogen-specific immunity.
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The basic premise for the division of the immune system into innate and adaptive components
comes down to the innate system being composed of primitive bone marrow cells that are
programmed to recognise foreign substances and react, versus the adaptive system being
composed of more advanced lymphatic cells that are programmed to recognise self substances
and don't react. The reaction to foreign substances is etymologically described as inflammation,
meaning to set on fire, while the non-reaction to self substances is etymologically described as
immunity, meaning to exempt. The interaction of these two components of the immune system
creates a dynamic biological environment where "Health" can be seen as an active physical state
where what is self is immunologically spared, and what is foreign is inflammatorily and
immunologically eliminated. Extending this concept, "Disease" then can arise when what is
foreign cannot be eliminated, or what is self is not spared.
Innate immunity, or nonspecific immunity, is the natural resistances with which a person is born.
It provides resistances through several physical, chemical and cellular approaches. Microbes first
encounter the epithelial layers, physical barriers that line skin and mucous membranes.
Subsequent general defences include secreted chemical signals (cytokines), antimicrobial
substances, fever, and phagocytic activity associated with the inflammatory responses. The
phagocytes express cell surface receptors that can bind and respond to common molecular
patterns expressed on the surface of invading microbes. Through these approaches, innate
immunity can prevent the colonization, entry and spread of microbes.
Adaptive immunity is often sub-divided into two major types depending on how the immunity
was introduced. 'Naturally acquired immunity' occurs through contact with a disease causing
agent, when the contact was not deliberate, whereas 'artificially acquired immunity' develops
only through deliberate actions such as vaccination. Both naturally and artificially acquired
immunity can be further subdivided depending on whether immunity is induced in the host or
passively transferred from an immune host. 'Passive immunity' is acquired through transfer of
antibodies or activated T-cells from an immune host, and is short lived—usually lasting only a
few months—whereas 'active immunity' is induced in the host itself by antigen and lasts much
longer, sometimes lifelong. The diagram below summarizes these divisions of immunity.
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A further subdivision of adaptive immunity is characterized by the cells involved; humoral
immunity is the aspect of immunity that is mediated by secreted antibodies, whereas the
protection provided by cell mediated immunity involves T-lymphocytes alone. Humoral
immunity is active when the organism generates its own antibodies, and passive when antibodies
are transferred between individuals. Similarly, cell mediated immunity is active when the
organisms’ own T-cells are stimulated and passive when T cells come from another organism.
Hypersensitivity reaction
Hypersensitivity is a state of altered reactivity in which the body reacts with an exaggerated
IMMUNE RESPONSE to a foreign agent; ANAPHYLAXIS and ALLERGY are forms of
hypersensitivity. The hypersensitivity states and resulting hypersensitivity REACTIONS are
usually sub-classified by the GELL AND COOMBS CLASSIFICATION.
Contact hypersensitivity that produced by contact of the skin with a chemical substance having
the properties of an antigen or hapten.
Delayed hypersensitivity (DH) (delayed type hypersensitivity(DTH))the type of
hypersensitivity exemplified by the tuberculin reaction, which (as opposed to immediate
hypersensitivity)takes 12 to 48 hours to develop and which can be transferred by lymphocytes
but not by serum. Delayed hypersensitivity can be induced by most viral infections,
manybacterialinfections,allmycoticinfections,and a few protozoa infections (leishmaniasis and
toxoplasmosis).The scope of the term is sometimes expanded to cover all aspects of cellmediatedimmunityincludingcontactdermatitis,granulomatousreactions,andallograftrejection.
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Immediatehypersensitivityantibody-mediatedhypersensitivityoccurringwithinminuteswhen
a
sensitized
individual
is
exposed
to
antigen;clinical
manifestations
includesystemicanaphylaxisandatopicallergy(allergicrhinitis,asthma,dermatitis,urticaria,andangio
edema).Thefirstexposure to the antigen induces the production of IgE antibodies(cytotropic
antibodies, reagin)that bind to receptors on mast cells and basophils. Subsequent exposure to the
antigen triggers production and release of a diversearray of mediators of hypersensitivity that act
on other cells producing symptoms such as broncho spasm,edema, mucoussecretion, and
inflammation.
Hypersensitivityreaction the exaggerated or inappropriate immuneresponse occurring in
HYPERSENSITIVITY, in response to a substanceeitherforeign or perceived as foreignandresulting
in local or general tissue damage. Suchre actions juuiare usually classified as typesI–IV on
thebasis of theGELL AND COOMBS CLASSIFICATION.
Gell and Coombs classification
A classification of immune mechanisms of tissue injury, comprising four types of
hypersensitivity reactions:
Type I,immediate hypersensitivity reactions, mediated by interaction of IgE antibody and
antigen and release of histamine and other mediators;
Type II, antibody-mediated hypersensitivity reactions, due to antibody-antigen interactions
on cell surfaces;
Type III, immune complex–mediated hypersensitivity reactions, local or general
inflammatory responses due to formation of circulating immune complexes and their deposition
in tissues.
Type IVcell-mediated hypersensitivity reactions, delayed hypersensitivity reactions initiated
by sensitized T lymphocytes either by release of lymphokines or by T-cell–mediated
cytotoxicity.
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CHAPTER TWO
TYPES OF ANTIGEN-ANTIBODY REACTION
Precipitation reactions
Precipitation reaction is the reaction, in which a soluble antibody reacts with a soluble antigen to
give an insoluble product or the precipitate. Soluble antibodies that aggregate soluble antigens
are called precipitins. Soluble antigen that induces the formation of a specific precipitin is called
a precipitinogen.
When the antigens, which must have at least two epitopes per molecule are cross-linked by
the bivalent antibodies, a lattice formation occurs which ultimately develops into a visible
precipitate. For the lattice to be formed, the bivalent antibody will bind to epitopes on two
different antigens. A second antibody molecule combines with the second epitope on one of the
antigen molecules and a third epitope on another antigen molecule, so that the complex is
formed. The complex continues to grow and when it is sufficiently large, it becomes insoluble
and can be visible as a precipitate. Thus, formation of the visible precipitate takes sufficiently
longer time than formation of the soluble antigen-antibody complexes.
Precipitation reaction can occur using polyclonal antibodies or mixture of monoclonal
antibodies. Polyclonal antibodies can form large aggregates, that precipitate out of solution. If
the antigen is monovalent or a single monoclonal antibody is used, the antibody can link only
two molecules of antigen and no precipitate is formed.
There is a marked effect on the precipitation reaction by changing the concentration of the
antigen. A quantitative precipitation reaction can be performed by placing a constant amount of
antibody in a series of tubes and adding increasing amounts of antigens to the tubes. Plotting the
amount of precipitate against increasing antigen concentrations yields a precipitation curve. A
precipitation curve for a system of antigen-antibody shows three zones, among which the first
one is the zone of antibody excess or prozone, in which the antigen concentration is very low and
that of the antibody is relatively high, as a result of which precipitation is inhibited, formation of
small complexes occur and residual antibodies will remain in the supernatant.

The second zone is the equivalence zone, also the zone of maximal precipitation in which
antigen and antibody form large insoluble complexes and there is neither antigen nor antibody
present in the supernatant. The third zone is the zone of antigen excess or postzone, in which the
antigen concentration is very high, and therefore with increasing the amounts of antigen, the
lattice size becomes too small to precipitate as a result of which precipitation is inhibited and
binding of antigen-antibody is absent in the supernatant.
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Types of precipitation reactions
Precipitation reactions occur both in solution and in gel phase, where antigen-antibody forms a
precipitate. Similar to the precipitation reaction in fluid, visible precipitation occurs in the region
of equivalence and no visible precipitate forms in regions of antibody or antigen excess in gel
phase.
Fluid phase precipitation
Fluid phase precipitation is a double diffusion method, where in a capillary tube an antigen
solution is layered over an antibody solution. Both antigen and antibody will diffuse towards
each other and at the interface, when antibody recognizes antigen, precipitate forms. The
amount of the precipitate is proportional to the concentration of both the antigen and antibody.
This method is used to identify unknown antigen or unknown antibody.
Gel phase precipitation
In gel phase precipitation, instead of solution, gel is used as a semisolid medium. The gel
contains “pores” that allow the movement of molecules. In immunoprecipitation reactions, the
gel is a derivative of agar and is called agarose. Agarose gel allows soluble antigen and /or
antibody to diffuse through the pores until the antigen and antibody reach the optimal
concentration for lattice formation. Smaller molecules move through the gel faster than larger
molecules.
When antibody is incorporated into the agar, and antigen diffuses into the antibodycontaining matrix, or when antigen and antibody diffuse toward one another in agar, a visible
line of precipitation will form unlike a precipitation curve in fluids. Two types of
immunodiffusion reactions can be used to determine relative concentrations of antibodies or
antigens, i.e. radial immuno-diffusion and double immuno-diffusion.

Radial immunodiffusion (The Mancini method)
In radial immunodiffusion , an antigen sample is placed in a well and allowed to diffuse into agar
containing a suitable dilution of an antiserum. The antigen diffuses in all directions from the
well, and accordingly the region of equivalence is established and a ring of precipitation
(precipitin ring) forms around the well. The area of the precipitin ring is proportional to the
concentration of antigen. The diameter of the area of precipitation (including the well diameter)
is measured to determine the concentration of antigen.
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Double immunodiffusion (The Ouchterlony method)
In double immunodiffusion , if antigen to be detected, a known reagent antibody is placed in the
center well and the unknown samples are placed in the surrounding well. If antibody is to be
detected, unknown antigen is placed in the center. After each of the samples and reagents have
been added to the appropriate wells, diffusion occurs and both antigen and antibody diffuse
radially from wells toward each other, thereby establishing a concentration gradient. A line of
precipitation forms at the zone of equivalence.

Immunoelectrophoresis
Immunoelectrophoresis is a gel electrophoretic technique which uses both electrophoresis and
double diffusion. The samples that contain the proteins (the antigen mixture) to be analyzed are
added to the wells on the gel plate. The mixture of samples could contain serum from healthy
individuals as well as from infected persons. In this process, the antigen mixture is first
electrophoresed to separate its components by charge. A trough is created parallel to the length
of the electric field, into which a single purified species of antibody or known mixture of
antibodies is added. The antibody molecules diffuse outward from the trough solution into the
gel. When an antigen is encountered by an antibody, formation of a visual precipitate occurs.
Precipitin arcs form at the zone of equivalence between the antigen and specific antiserum. The
pattern of precipitation can reveal antigenic differences between the normal serum and the serum
from an infected person. If a nonspecific antiserum is placed in the trough, then only one arc will
be formed if the particular serum component is present.
Immunoelectrophoresis is used in clinical laboratories to detect the presence or absence of
proteins in the serum. This process separates the various proteins in a sample in an electric field
and then probes the separated proteins using the desired antiserum. In the clinical laboratory
setting, immunoelectophoresis is used to examine alterations in the content of serum, especially
changes concerned with immunoglobulins. Change in the immunoglobulin profile can be the
result of immunodeficiencies, chronic bacterial or viral infections, and infections of a fetus.
Another electrophoretic precipitation technique, used primarily in research and coagulation
laboratories, is the rocket, or Laurell technique. Rocket electrophoresis is used to quantitate
antigens other than immunoglobulins. In this process, a negatively charged antigen is
electrophoresed in a gel containing antibody. As the antigen migrates through the gel, it
combines with antibody, precipitation occurs. The precipitate formed between the antigen and
antibody has the shape of a rocket, the height of which is proportional to the concentration of the
antigen in the well.
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Agglutination reactions
The interaction between antibody and a particulate antigen results in visible clumping, called
agglutination. The general term agglutinin is used to describe antibodies that agglutinate
particulate antigens. Agglutination is a serological reaction and is very similar to the
precipitation reaction. Both reactions are highly specific because they depend on the specific
antibody and antigen pair. As an excess of antibody inhibits precipitation reactions, such excess
can also inhibit agglutination reactions, this inhibition is known as prozone effect. The main
difference between these two reactions is the size of antigens. For precipitation, antigens are
soluble molecules, and for agglutination, antigens are large, easily sedimented particles.
Agglutination reactions can be used to type blood cells for transfusion, to identify bacterial
cultures, and to detect the presence and relative amount of specific antibody in a patient’s serum.
Prozone effect
At high antibody concentrations, the number of antibody binding sites may greatly exceed the
number of epitopes. As a results, most antibodies bind antigen only univalently instead of
multivalently. Antibodies that bind univalently cannot crosslink one antigen to another. Prozone
effects are observed by performing the assay at a variety of antigen or antibody concentration.
Higher levels of agglutination can be seen at optimum dilution of antibody concentration. When
using polyclonal antibodies incomplete antibodies (class IgG) also causes prozone effect. The
antibodies present in high concentration in the antiserum, which bind to the antigen but do not
induce agglutination, are known as incomplete antibodies.
Types of agglutination reactions

Quantitative agglutination (Bacterial agglutination)
Agglutination has been commonly used to determine whether a patient had or has a bacterial
infection. This type of agglutination reaction is also known as quantitative agglutination test as
here the measurement of level of antibodies to particulate antigens is done. The presence of
serum antibodies in a person specific for surface antigens on the bacterial cells can be detected
by bacterial agglutination reactions. If a patient is suspected of having typhoid fever, the
patient’s serum is mixed with a culture of Salmonella typhi. If an agglutination reaction occurs,
shown as clumping of the bacteria, the patient either had or has an S. typhi infection. Since
certain antibodies can persist in a patient’s blood for years after the patent has recovered from the
infection, a positive reaction does not mean that the patient currently has the infection. To
determine whether a patient is currently suffering from typhoid fever, the amount or titer of the
antibody will be determined at the onset of illness and two weeks later. The serum from the
suspected patient is serially diluted in an array of tubes to which the bacteria is added.
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Visible agglutination can be seen in the last tube which will reflect the serum antibody titer of
the patient. The agglutination titer is defined as the reciprocal of the greatest serum dilution that
elicits a positive agglutination reaction. Naturally, the higher the titer, the greater is the antibody
response of the individual to the disease. The patient currently suffering from suspected typhoid
fever shows a significant rise in the agglutination titer to Salmonella typhi. Agglutination
reactions
also
help
to
type
bacteria.
Qualitative agglutination (Hemagglutination)
Agglutination tests can be used in a qualitative manner to assay for the presence of an antigen or
an antibody. The antibody is mixed with the particulate antigen and a positive test is indicated
by the agglutination of the particulate antigen. Hemagglutination is a specific form of
agglutination that involves typing of red blood cells. The ABO blood group antigens are intrinsic
red blood cell antigens, with the ‘A’ and ‘B’ signs referring to proteins on the surface of red
blood cells. Individuals expressing the ‘A’ antigen are designated as blood type ‘A’. Similarly
those express ‘B’ antigens, are designated as blood type ‘B’. Individuals expressing both ‘A’ and
‘B’ antigens are designated as blood type ‘AB’, and those not expressing either ‘A’ or ‘B’
antigen are designated as blood type ‘O’. Blood type can be determined by using antibodies that
bind to the A or B blood group in a sample of blood. In typing for the ABO antigens, RBCs are
mixed on a slide with antisera to the A or B blood-group antigens. If the antigen is present on the
cells, they agglutinate forming a visible clump on the slide. For example, if antibodies that bind
the A blood group are added and agglutination occurs, the blood is either type A or type AB. To
determine between type A or type AB, antibodies that bind the B group are added and if
agglutination does not occur, the blood is type A. In blood grouping, the patient's serum is tested
against RBCs of known blood groups and also the patient's RBCs are tested against known
serum types. In this way the patient's blood group is confirmed from both RBCs and serum.
Passive agglutination
Passive agglutination is like agglutination reaction but performed with soluble antigens. It is
defined as the agglutination of particles that have been coated with soluble antigen, by antiserum
specific for the adsorbed antigen. Passive hemagglutination is a kind of passive agglutination in
which erythrocytes, usually modified by mild treatment with tannic acid or chromium chloride,
are used to adsorb soluble antigen onto their surface, and which then agglutinate in the presence
of antiserum specific for the adsorbed antigen. Serum containing antibodies is serially diluted
into microtiter plate wells and the antigen-coated red blood cells are then added to each well.
Agglutination is assayed by the size of the characteristic spread pattern of agglutinated red blood
cells on the bottom of the well. Passive agglutination can be performed with tanned erythrocytes
or synthetic particles, such as latex beads. The use of synthetic beads offers the advantages of
consistency, uniformity and stability.
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The initial step in the test is the linking together of the latex particle by the antibody molecules
that specifically attach to the antigenic determinants on the surface of the particles. There is a
formation of large lattices through these cross links and these large lattices sediment readily due
to the large size of clumps and are visible to the unaided eye within minutes. The degree of
agglutination can be determined by plotting the agglutinant concentration which gives a bell
shaped curve. The antigen-antibody complexes can be magnified using the latex particles.
Agglutination inhibition
Agglutination inhibition is the modification of the agglutination reaction. If the antibody is
incubated with antigen prior to mixing with latex, agglutination is inhibited; this is because free
antibodies are not available for agglutination. In agglutination inhibition, the absence of
agglutination is diagnostic of antigen, provides a high sensitive assay for small quantities of
antigen. One example of which is the home pregnancy test kits included latex particles coated
with human chorionic gonadotropin (HCG) and antibody to HCG. When urine of a pregnant
woman containing HCG, added to it, agglutination of the latex particles inhibited when the antiHCG was added. The absence of agglutination is the indication of pregnancy. If the urine
contains no HCG, then visible clumping occurs and agglutination can be observed which
indicates no pregnancy.
Agglutination assays can be employed for detecting the presence of any illegal drugs in a
person’s blood sample or urine sample. Agglutination inhibition assays are also widely used in
clinical laboratories to determine whether an individual has been exposed to certain types of
viruses that cause agglutination of red blood cells. This technique is commonly used to
determine the immune status of women with respect to the rubella virus.
Complement fixation
The complement fixation test is an immunological medical test that can be used to detect the
presence of either specific antibody or specific antigen in a patient's serum. Complement is the
activity of blood serum that completes the action of antibody. The complement system is a
system of serum proteins that react with antigen-antibody complexes.
The basic steps of complement fixation test (figure) includes:


Isolation of serum from the patient.



The complement proteins in the patient's serum must be destroyed and replaced by a
known amount of standardized complement proteins. This is done to negate any effect on
the test as patient’s serum naturally has different levels of complement proteins.
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The serum is heated in such a way that all of the complement proteins but none of the
antibodies within it are destroyed.



A known amount of standard complement proteins are added to the serum.



The antigen of interest is added to the serum.



If the patient’s serum contains antibodies against the antigen of interest, then antigenantibody complex will be formed that will fix the complement . The complement proteins
will react with these complexes and be depleted.



Sheep red blood cells (sRBCs), which have been pre-bound to anti-sRBC antibodies are
added to the serum. When complement fixation occurs, there will be no complement left
in the serum to react with the sRBC-antibody complexes. However, if the patient’s serum
contains no antibodies against the antigen of interest, the complement will not be
depleted and it will react with the sRBC-antibody complexes, lysing the sRBCs and
spilling their contents into the solution, thereby turning the solution pink. The solution
when turns to pink, it confirms the test negative.



It is equally possible to detect antigen in a patient’s serum. In this case, the patient's
serum is supplemented with specific antibody to induce formation of complexes; addition
of complement and indicator sRBC is performed as the above mentioned antibody
detection procedure.

Enzyme-linked Immunosorbent Assay (ELISA)
The ELISA is a fundamental tool of clinical immunology, which has been used as a diagnostic
tool in medicine and plant pathology, as well as a quality-control check in various industries.
ELISA, or Enzyme-linked immunosorbent assay that uses a solid-phase enzyme immunoassay
(EIA) to detect the presence of a substance, usually an antigen, or anibody in a liquid sample or
wet sample. It depends on an enzyme-substrate reaction that generates a colored reaction
product. An enzyme conjugated with an antibody reacts with a colorless substrate to generate a
colored reaction product. A number of enzymes i.e., alkaline phosphatase, horseradish
peroxidase, and β-galactosidase, have been employed for ELISA. A number of variations of
ELISA have been developed, allowing qualitative detection or quantitative measurement of
either antigen or antibody. Four types of ELISA methods are there, but generally three methods
are employed for detection of either antigen or antibody. Direct ELISA is the simplest type of
ELISA. Antibody can be determined with an indirect ELISA whereas antigen can be determined
with a sandwitch ELISA or competitive ELISA. Each assay can be used qualitatively or
quantitatively by comparison with standard curves prepared with known concentrations of
antibody or antigen.
33

Direct ELISA
The direct ELISA is a method for detecting and measuring antigen concentration in a sample. It
is the simplest type of ELISA among the four types. In direct ELISA, the presence of a particular
antigen in a sample, is detected by using a capture monoclonal antibody.
The procedure for direct ELISA includes:


The wells of a microtiter plate are coated with a sample containing the target antigen. The
antigen is fixed to the surface to render it immobile.



The plate wells are then coated with a blocking buffer.



In a separate reaction, an enzyme is linked to an antibody.



The enzyme-antibody conjugate is added to the wells to adsorb to the antigen.



The plate is washed to remove any excess enzyme-antibody conjugate.



Then a substrate is applied for the enzyme, and which is converted by the enzyme to
elicit a chromogenic or fluorescent signal. So the substrate detects the presence of the
enzyme and the antigen.



The amount of colored product is measured by a specialized spectrophotometric plate
readers.

The advantage of direct ELISA is that it is relatively quick because of the use of only one
antibody but direct ELISA requires the labeling of every primary antibody, which can be timeconsuming and more expensive than in indirect methods. Certain antibodies may be unsuitable
for direct labeling. Direct methods do not allow for signal amplification in contrast to methods
that use a secondary antibody. Direct ELISA can be used to test specific antibody-to-antigen
reactions, and helps to eliminate cross-reactivity between other antibodies.
Indirect ELISA
Indirect ELISA helps detecting antibody. It is the method of choice to detect the presence of
serum antibodies against human immunodeficiency virus (HIV), the causative agent of AIDS.
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The procedure of indirect ELISA includes:


A buffered solution of the antigen to be tested for is added to each well of a microtiter
plate. Coating is achieved through passive adsorption of the antigen to the assay
microplate. This process occurs though hydrophobic interactions between the micro titer
plate and non-polar protein residues. After incubation any excess antigen is removed by
washing steps by flooding and emptying the wells with neutral phosphate buffered saline
( PBS ) or deionized water. A solution of nonreacting protein, such as bovine serum
albumin or casein, is added to block any plastic surface in the well that remains uncoated
by the antigen.



Serum or some other sample containing primary antibody is added to the antigen-coated
microtiter well. The antibody specific to the test antigen, binds the coated antigen on
incubation.



Excess antibody or any unbound antibodies are removed by washing and is followed by
addition of blocking solution.



The presence of antibody bound to the antigen is detected by adding an enzymeconjugated secondary anti-isotype antibody, which binds to the primary antibody.



Any free secondary antibody is washed away, and a substrate for the enzyme is then
added. Often, this substrate changes color upon reaction with the enzyme, which shows
the secondary antibody has bound to primary antibody. The higher the concentration of
the primary antibody present in the serum, the stronger the color change. The amount of
colored reaction product that forms is measured by specialized spectrophotometric plate
readers.



Serum antibodies to HIV can be detected by indirected ELISA within six weeks of
infection. In this assay, recombinant envelope and core proteins of HIV are adsorbed to
solid-phase antigens to microtiter wells. Individuals infected with HIV will produce
serum antibodies to epitopes on these viral proteins.
Indirect ELISA has sensitivity,
since more than one labeled antibody is bound per primary antibody. It has flexibility too,
since different primary detection antibodies can be used with a single labeled secondary
antibody. Apart from that, it is cost effective, since fewer labeled antibodies are required.
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A major disadvantage of the indirect ELISA is the method of antigen immobilization is not
specific; when serum is used as the source of test antigen, all proteins in the sample may stick to
the microtiter plate well, so small concentrations of analyte in serum must compete with other
serum proteins when binding to the well surface. The sandwich or direct ELISA provides a
solution to this problem, by using a "capture" antibody specific for the test antigen to pull it out
of the serum's molecular mixture.
Sandwitch ELISA
Sandwitch ELISA helps detecting presence of antigen in a sample and to use it as a diagnostic
tool for medicine. The Sandwich ELISA measures the amount of antigen between two layers of
antibodies. The two layers of antibody consist of capture and detection antibody. Here, either
monoclonal antibodies or polyclonal antibodies can be used as capture and detection antibodies.
The antigen to be measured must contain at least two antigenic sites capable of binding to
antibody, since at least two antibodies act in the sandwich.
The procedure for sandwitch ELISA includes:


In sandwitch ELISA, the antibody (capture antibody) rather than the antigen is coated on
the surface of a microtiter well.



Any nonspecific binding sites on the surface are blocked with the help of blocking
solution.



The sample containing antigen is added and allowed to react with the immobilized
antibody on the microtiter well.



The microtiter plate is washed to remove any unbound or excess antigen.



After washing, a second enzyme-linked antibody (detection antibody) specific for a
different epitope on the antigen is added and is allowed to react with the bound antigen.



The plate is washed to remove the unbound antibody-enzyme conjugates.



After any free second antibody is removed by washing, substrate is added and the colored
reaction product is measured. A large selection of substrates is available for performing
the ELISA with an HRP or AP conjugate. TMB (3, 3’, 5, 5’-tetramethyl benzidine) is the
most commonly used substrate for the enzyme horseradish peroxidase (HRP).
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The absorbency of the plate wells is measured to determine the presence and quantity of
antigen. Specially designed spectrophotometers are available which reads through the
microtiter wells either singly or in rows. Most ELISA readers can be set to measure the
absorbance of the colors produced by the action of antibody- conjugated enzymes on
their respective substrates.

The advantage of Sandwich ELISA is that the sample does not have to be purified before
analysis, and the assay can be very sensitive than indirect ELISA or competitive ELISA.
Sandwitch ELISA has high specificity, since the two antibodies help in capturing and detecting
the
antigen.
The
process
both
has
flexibility
and
sensitivity.

Competitive ELISA
Competitive ELISA is another variation for measuring amounts of antigen. The procedures of
competitive ELISA is different from that of sandwitch ELISA and indirect ELISA.
The procedure for competitive ELISA includes:


Unlabeled primary antibody is first incubated in solution with a sample containing
antigen.



The antigen-antibody mixture is then added to an antigen coated microtiter well.



The more antigen present in the sample, the less free antibody will be available to the
antigen-coated well. Therefore competition arises.



The plate is washed to remove any unbound antibody.



The enzyme-conjugated secondary antibody, specific for the isotype of the primary
antibody is added to determine the amount of primary antibody bound to the well.



A substrate is added, and color change is measured.



In competitive ELISA, the concentration of antigen in the original sample is inversely
proportional to the color produced.
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Some competitive ELISA kits include enzyme-linked antigen rather than enzyme-linked
antibody. The labeled antigen competes for primary antibody binding sites with the sample
antigen (unlabeled). The more antigen in the sample, the less labeled antigen is retained in the
well and the weaker the signal. So, here the microtiter well is coated with an antibody.
In competitive ELISA, the advantage is that the antigen does not require purification prior to
measurement. Competitive ELISA has also high specificity compared to indirect ELISA.
The ELISPOT assay
The enzyme-linked immunospot (Elispot) assay is a modification of the ELISA assay, allows the
quantitative determination of the number of cells in a population that are specific for a given
antigen or an antigen for which one has a specific antibody. Based on the sandwich enzymelinked immunosorbent assay (ELISA), the ELISPOT assay derives its specificity and sensitivity
by employing high affinity capture and detection antibodies and enzyme-amplification.
The procedure for the ELISPOT assay includes:


The wells of the microtiter plate are coated with the antigen (capture antigen) recognized
by the antibody of interest or with the antibody (capture antibody) specific for the antigen
whose producion is being assayed.



This assay is commonly used to detect cytokine secreted from different cells.



A suspension of cell population thought to contain some members secreting cytokine are
added to the wells coated with relevant antibodies (capture antibodies). It is allowed to
be incubated.



After the incubation period, the wells are washed and enzyme-labeled anti-cytokine
antibodies (detection antibodies) are added.



Then again the wells are washed to remove any unbound antibody. After washing the
wells, a chromogenic substrate that forms an insoluble colored product is added.



The colored product precipitates and forms a spot only on the areas of the wells, where
cytokine-secreting cells had been deposited.



The number of cytokine-secreting cells present in the added cell suspension were
identified by counting the number of colored spots.
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There are several advantages of the ELISPOT assay. Elispot assay has high sensitivity. Frozen or
thawed biological samples can be applicable for the assay. This assay requires minimun
biological samples. It is also compatible with other assays.
Radioimmuoassay (RIA)
Radioimmunoassay is a very sensitive in vitro assay technique used for separation of a protein
from a mixture using the specificity of antibody-antigen binding and quantitation using
radioactivity. The technique was first developed in 1960 by two endocrinologists, S.A. Berson
and Rosalyn Yalow, to determine levels of insulin-anti-insulin complexes in diabetics. Although
the RIA technique is extremely sensitive and extremely specific, requiring specialized
equipment, it remains the least expensive method to perform such tests. It requires special
precautions and licensing, since radioactive substances are used.
The principle of RIA involves competitive binding of radiolabeled antigen and unlabeled
antigen to a high-affinity antibody. The method of RIA starts with making a known quantity of
antigen radioactive by labeling it with gamma-radioactive isotopes of iodine attached to tyrosine.
The labeled antigen is then mixed with antibody at a concentration that saturates the antigenbinding sites of the antibody. Then test samples of unlabeled antigen of unknown concentration
are added in progressively larger amounts. The test sample may be a complex mixture, such as
serum or body fluids, that contains the unlabeled antigen. This causes the unlabeled antigen to
compete with the radio-labeled antigen for antibody binding sites .
As the concentration of unlabeled antigen increases, more labeled antigen will be displaced
from the binding sites. Then the bound antigens are separated by the unbound ones by
precipitating the antigen-antibody complex with a secondary anti-isotype antiserum. For
example, if the antigen-antibody complex contains rabbit IgG antibody, then goat anti-rabbit IgG
will bind to the rabbit IgG and precipitate the complex. After separation, the radioactivity of the
free antigen remaining in the supernatant is measured using a gamma counter. Using known
standards, a binding curve can then be generated which allows the amount of antigen in the test
sample to be derived. A standard curve is obtained by adding increasing concentrations of
unlabeled antigen to a fixed quantity of radio-labeled antigen and specific antibody.
From the plot of the percentage of labeled antigen bound versus the concentration of unlabeled
antigen, the concentration of antigen in unknown serum samples can be determined by using the
linear part of the curve.
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Immunoflorescence
Immunofluorescence is an antigen-antibody reaction where the antibodies are tagged (labelled)
with a fluorescent dye and the antigen-antibody complex is visualized using ultra-violet
(fluorescent) microscope. Fluorescent molecules absorb light of one wavelength and emit light of
another wavelength. If antibody molecules are tagged with a fluorescent dye, or flurochrome,
immune complexes containing these fluorescently labeled antibodies can be detected by colored
light emission when excited by light of appropriate wavelength. In immunoflorescence,
fluorescent compounds such as fluorescein and rhodamine are commonly used. Phycoerythrin,
an intensely colored and highly fluorescent pigment obtained from the algae, is also routinely
used. It can be categorised into direct and indirect immunoflorescence, given briefly below.
Direct immunoflorescence
This technique is used to detect antigen in clinical specimens using specific fluorochrome
labeled antibody. In direct immunoflorescence, the specific antibody is directly conjugated with
a fluorescent dye. The procedure begins with fixation of cells with membrane antigens (mAg) to
a slide (figure-14a). Then the cells are stained with anti-mAg antibodies that are labeled with
flurochromes. After a period of incubation, the slide is washed to remove any unbound excess
labeled antibody. After washing, the slide is viewed under fluorescent microscope. When viewed
under fluorescent microscope, the field is dark and areas with bound antibody fluoresce green.
This technique can be used to detect viral, parasitic, tumor antigens from patient specimens or
monolayer
of
cells.
Indirect immunoflorescence
Indirect immunofluorescence is employed to detect antibodies in a test sample, for example in a
patient's serum. Here, primary antibodies which are unlabeled, allowed to react with cells having
membrane antigens. After a period of incubation, the slide is washed to remove any unbound
antibodies. After washing, the cells are stained with flurochrome-labeled secondary antibodies
(fluorescein-labeled goat anti-mouse antibodies). This antibody binds to Fc portion of first
antibody and persists despite washing. The presence of secondary antibodies is detected by
observing under fluorescent microscope. Indirect immunoflorescence staining has two
advantages over direct staining. First, the supply of primary antibodies is often a limiting factor
and loss of primary antibody occurs during conjugation reaction. Indirect methods avoid the loss
of Primary antibody which is not conjugated with flourochrome. Secondly, indirect methods
increase the sensitivity of staining because multiple molecules of the flurochrome reagent bind to
each primary antibody molecule, increasing the amount of light emitted at the location of each
primary antibody molecule.
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Immunoflorescence has been applied to identify the CD4+ and CD8+ T-cell populations.
Immunoflorescence is suitable for detecting antigen-antibody complexes in autoimmune disease,
detecting complement components in tissues and the major application of it is localizing antigens
in tissue sections or in sub-cellular compartments.
Fluorescent antibody techniques are important qualitative tools but they do not give
quantitative data. Flow cytometer, automate the analysis and separation of cells stained with
fluorescent antibody. The flow cytometer uses a laser beam and light detector to count single
intact cells in suspension. Every time a cell passes the laser beam, light is deflected from the
detector, and this interruption of the laser signal is recorded. Those cells having a fluorescently
labeled antibody bound to their cell surface antigens are excited by the laser and emit light that is
detected by a second detector system located at a right angle to the laser beam.
The flow cytometer has multiple applications to clinical and research problems. Flow
cytometry can also analyze cell population that have been labeled with two or three different
fluorescent antibodies.

Immunoprecipitation
Immunoprecipitation (IP) is the technique of precipitating a protein antigen out of solution using
an antibody that specifically binds to that particular protein. It also provides a sensitive assay for
the presence of a particular antigen in a given cell or tissue type. Immunoprecipitation requires
that the antibody be coupled to a solid substrate at some point in the procedure. There are two
general methods for immunoprecipitation, i.e., the direct capture method and the indirect capture
method.
Direct method
An antibody (monoclonal or polyclonal) against a specific protein is pre-immobilized onto an
insoluble support, such as agarose or magnetic beads, and then incubated with a cell lysate
containing the target protein. During the incubation period, the lysate is gently agitated so that
the proteins that are targeted by the antibodies are captured onto the beads via the antibodies, in
other words, they become immunoprecipitated. The immobilized antigen-antibody complexes
are collected from the lysate, and then eluted from the support and analyzed.
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Indirect method
In indirect method, the antibody is not pre-immobilized onto an insoluble support rather, the
antibody that is specific for a particular protein antigen, added directly to a cell lysate containing
the target protein. Free, nonbound antibodies are allowed to form immune complexes in the
lysate. After some time, secondary antibodies, specific for the primary antibodies, are attached to
synthetic beads and added to the antigen-antibody complexes in the lysate. At this point, the
antibodies, which are now bound to their targets, will stick to the beads. The antigen-antibody
complexes are then eluted from the support and analyzed.
Both the direct method and the indirect method gives the same end-result with the
protein or protein complexes bound to the antibodies which themselves are immobilized onto the
beads. The direct method is a preferred choice, but the indirect approach is sometimes preferred
when the concentration of the protein target is low or when the specific affinity of the antibody
for the protein is weak.
Types of immnoprecipitation
There are generally four types of immunoprecipitation (IP) techniques, i.e., individual protein
immunoprecipitation,
protein
complex
immunoprecipitation
(Co-IP),
chromatin
immunoprecipitation
(Ch-IP)
and
RNA
immunoprecipitation
(RNA-IP).

Individual protein immunoprecipitation
It Involves using an antibody that is specific for a known protein to isolate that particular protein
out of a solution containing many different proteins. These solutions will often be in the form of
a
crude
lysate
of
a
plant
or
animal
tissue.

Protein complex immunoprecipitation (Co-IP)
Immunoprecipitation of intact protein complexes (i.e. antigen along with any proteins or ligands
that are bound to it) is known as co-immunoprecipitation (Co-IP). Co-IP is a powerful technique
that is used regularly by molecular biologists to analyze protein–protein interactions.
Co-IP works by selecting an antibody that targets a known protein that is believed to be a
member of a larger complex of proteins. By targeting this known member with an antibody it
may become possible to pull the entire protein complex out of solution and thereby identify
unknown members of the complex. This works when the proteins involved in the complex bind
to each other tightly, making it possible to pull multiple members of the complex out of solution
by latching onto one member with an antibody. Immunoprecipitated proteins and their binding
partners are commonly detected by SDS-PAGE and Western blot analysis.
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Chromatin immunoprecipitation (Ch-IP)
Chromatin immunoprecipitation (ChIP) is a method used to determine the location of DNA
binding sites on the genome for a particular protein of interest. This technique gives a picture of
the protein–DNA interactions that occur inside the nucleus of living cells or tissues.
DNA-binding proteins (including transcription factors and histones) in living cells can be
cross-linked to the DNA that they are binding. By using an antibody that is specific to a putative
DNA binding protein, one can immunoprecipitate the protein–DNA complex out of cellular
lysates. The purified protein–DNA complexes are then heated, allowing the separation of DNA
from the proteins. The DNA is then identified by PCR, sequenced and applied to microarrays or
analyzed
according
to
the
requirement.

RNA immunoprecipitation
The principle of RNA immunoprecipitation is similar to Ch-IP, except that here RNA-binding
proteins are immunoprecipitated instead of DNA-binding proteins. RNA immunoprecipitation is
also an in vivo method in that live cells are lysed and the immunoprecipitation is performed with
an antibody that targets the protein of interest. By isolating the protein, the RNA will also be
isolated as it is bound to the protein. By performing an RNA extraction, the purified RNAprotein complexes can be separated and immunoprecipitated RNAs can then be identified by RTPCR and cDNA sequencing.
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CHAPTER THREE
PROPERTIES OF ANTIGEN-ANTIBODY INTERACTION
Affinity
A strong antigen-antibody interaction depends on a very close fit between antigen and antibody.
The combined strength of the non-covalent interactions between a single antigen-binding site on
an antibody and a single epitope is the affinity of the antibody for that epitope. Affinity is the
sum of the attractive and repulsive forces operating between the antigenic determinant and the
combining site of the antibody. There exists a weak association between low-affinity antibodies
and antigen, which dissociates easily whereas high-affinity antibodies bind antigen more tightly
and
remain
bound
longer.
The binding of an antibody (Ab) to its antigen (Ag) is reversible, so the binding reaction can be
expressed
as:
Ag
+
Ab
↔
Ag-Ab
………………..(1)
Where k1 is the forward rate constant and k-1 is the reverse rate constant. The ratio k1/k-1 is the
association constant Ka, a measure of affinity. Ka is the strength of the interaction and is
expressed
as:
Ka
=
[Ag-Ab]/
[Ab]
[Ag]
In this equation, [Ag-Ab] is the molar concentration of the antibody-antigen complex, and [Ab]
and [Ag] are the molar concentrations of the antibody and antigen, respectively. Affinity
constants can vary widely between different antibodies and antigens, and are affected by pH,
temperature,
and
solvent.
The dissociation of the antigen-antibody complex can be expressed as:
Ag-Ab
↔
Ab
+
Ag……………………(2)
The equilibrium constant for the above reaction is expressed as Kd, and which is the reciprocal of
Ka,
and
is
given
by
Kd
=
[Ab]
[Ag]/
[Ab-Ag]
The affinity constants described above apply to single site interactions. However, all naturally
occurring antibodies are multivalent and their functional affinity is dependent not only on their
intrinsic affinity for antigen but also on the number of binding sites (2 for IgD,G and E and 10
for IgM).
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The association constant Ka, for binding of a univalent ligand to a multivalent antibody may be
expressed as:
Ka
=
[Ab-Ag]/
[Ab]
[Ag]
=
r/c(n-r)
where, at equilibrium, c is the concentration of free ligand, r represents the ratio of the
concentration of bound ligand to total antibody concentration and n is the maximum number of
binding sites per antibody molecule (the antibody valence). This expression can be rearranged to
give
the
Scatchard
equation:
r/c
=
Kan
Kar
A set of values of r and c can be obtained from a series of experiments in which the
concentration of antibody is kept constant with a varying concentration of ligand and from these
a plot (Scatchard plot) can be constructed in which r/c is plotted against r. From a Scatchard plot.
Both the equilibrium constant (Ka) and the number of binding sites per antibody molecule (n) or
its valency can be obtained. If all antibodies have the same affinity, then a Scatchard plot gives a
straight line with a slope of –Ka(figure-1) and if the antibody mixture has a range of affinities
(polyclonal antibodies), a scatchard plot gives a curved line whose slope is constantly changing.
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Avidity
When complex antigens containing multiple repeating antigenic determinants are mixed with
antibodies containing multiple binding sites, the interaction of an antibody with an antigen at one
site will increase the probability of reaction between those two molecules at a second site. The
strength of such multiple interactions between a multivalent antibody and antigen is called the
avidity. Avidity is more than the sum of the individual affinities. Affinity describes the strength
of interaction between antibody and antigen at single antigenic sites. Avidity is perhaps a more
informative measure of the overall stability or strength of the antibody-antigen complex, which is
controlled by three major factors: antibody-epitope affinity; the valence of both the antigen and
antibody; and the structural arrangement of the interacting parts.
Specificity
Specificity of an antigen-antibody reaction refers to the ability of an individual antibody
combining site to react with only one antigenic determinant or the ability of a population of
antibody molecules to react with only one antigen. Antigen-antibody reactions are highly
specific in nature, that means one antibody can react with its own antigen. A strong antigenantibody interaction depends on a very close fit between the antigen and antibody which requires
high degree of specificity.
Cross reactivity
The most striking feature of the antigen–antibody interaction is its high specificity and affinity.
But in some cases, antibody elicited by one antigen can cross react with an unrelated antigen,
which is known as cross-reactivity. Cross reactions arise because the cross reacting antigen
shares an epitope in common with the immunizing antigen or because it has an epitope which is
structurally similar to one on the immunizing antigen.
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Cross-reactivity is often observed among polysaccharide antigens that contain similar
oligosaccharide residues. The ABO blood group antigens are the glycoproteins expressed on red
blood cells. Subtle differences in the terminal residues of the sugars attached to these surface
proteins distinguish the A and B blood group antigens. An individual lacking one or both of
these antigens will have serum antibodies to the missing antigens. Thus, anti-A antibodies are
found in the serum of group O and B individuals and anti-B antibodies are found in the serum of
group O and A individuals. Group AB individuals are believed not to have anti-A nor anti-B
antibodies because they express both antigens on their red cells. The antibodies are induced by
exposure to cross-reacting microbial antigens present on common intestinal bacteria. The bloodgroup antibodies, although elicited by microbial antigens, will cross react with similar
oligosaccharides on foreign red blood cells, providing the basis for blood typing tests and
accounting for the necessity of compatible blood types during blood transfusions.
A number of viral and bacterial antigens elicit antibody that cross reacts with the host-cell
components, which results in a tissue damaging reaction. Cross-reactivity is also exhibited by
some vaccines.
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CHAPTER FOUR
ANTIGENS AND ANTIBODIES
ANTIGEN
An antigen is any substance that causes your immune system to produce antibodies against it.
This means your immune system does not recognize the substance, and is trying to fight it off.
An antigen may be a substance from the environment, such as chemicals, bacteria, viruses, or
pollen. An antigen may also form inside the body.
An antigen is a molecule that binds to Ag-specific receptors, but cannot necessarily induce an
immune response in the body by itself. Antigens are usually peptides, polysaccharides or lipids.
In general, molecules other than peptides (saccharides and lipids) qualify as antigens but not as
immunogens since they cannot elicit an immune response on their own. Furthermore, for a
peptide to induce an immune response (activation of T-cells by antigen-presenting cells) it must
be a large enough size, since peptides too small will also not elicit an immune response. The
term antigen originally described a structural molecule that binds specifically to an antibody. It
expanded to refer to any molecule or a linear molecular fragment that can be recognized by
highly variable antigen receptors (B-cell receptor or T-cell receptor) of the adaptive immune
system.
The antigen may originate from within the body ("self-antigen") or from the external
environment ("non-self"). The immune system usually does not react to self-antigens under
normal homeostatic conditions due to negative selection of T cells in the thymus and is supposed
to identify and attack only "non-self" invaders from the outside world or modified/harmful
substances present in the body under distressed conditions.
Antigen presenting cells present antigens in the form of peptides on histocompatibility
molecules. The T cells of the adaptive immune system recognize the antigens. Depending on the
antigen and the type of the histocompatibility molecule, different types of T cells are activated.
For T-Cell Receptor (TCR) recognition, the peptide must be processed into small fragments
inside the cell and presented by a major histocompatibility complex (MHC). The antigen cannot
elicit the immune response without the help of an immunologic adjuvant. Similarly, the adjuvant
component of vaccines plays an essential role in the activation of the innate immune system.
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An immunogen is a substance (or adduct) that is able to trigger a humoral and/or cell-mediated
immune response. It first initiates an innate immune response, which then causes the activation
of the adaptive immune response. An antigen binds the highly variable immunoreceptor products
(B-cell receptor or T-cell receptor) once these have been generated. All immunogen molecules
are also antigens, although the reverse is not true.
At the molecular level, an antigen can be characterized by its ability to bind to an antibody's
variable Fab region. Different antibodies have the potential to discriminate among specific
epitopes present on the antigen surface. A hapten is a small molecule that changes the structure
of an antigenic epitope. In order to induce an immune response, it needs to be attached to a large
carrier molecule such as a protein. Antigens are usually proteins and polysaccharides, and less
frequently, lipids. This includes parts (coats, capsules, cell walls, flagella, fimbrae, and toxins) of
bacteria, viruses, and other microorganisms. Lipids and nucleic acids are antigenic only when
combined with proteins and polysaccharides. Non-microbial non-self antigens can include
pollen, egg white and proteins from transplanted tissues and organs or on the surface of
transfused blood cells. Vaccines are examples of antigens in an immunogenic form, which are
intentionally administered to induce the memory function of adaptive immune system toward the
antigens of the pathogen invading the recipient.
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Epitope – The distinct surface features of an antigen, its antigenic determinant. Antigenic
molecules, normally "large" biological polymers, usually present surface features that can act as
points of interaction for specific antibodies. Any such feature constitutes an epitope. Most
antigens have the potential to be bound by multiple antibodies, each of which is specific to one
of the antigen's epitopes. Using the "lock and key" metaphor, the antigen can be seen as a string
of keys (epitopes) each of which matches a different lock (antibody). Different antibody
idiotypes, each have distinctly formed complementarity determining regions.
Allergen – A substance capable of causing an allergic reaction. The (detrimental) reaction may
result after exposure via ingestion, inhalation, injection, or contact with skin.
Superantigen – A class of antigens that cause non-specific activation of T-cells, resulting in
polyclonal T cell activation and massive cytokine release.
Tolerogen – A substance that invokes a specific immune non-responsive due to its molecular
form. If its molecular form is changed, a tolerogen can become an immunogen.
Immunoglobulin-binding protein – Proteins such as Protein A, protein G, and protein L that
are capable of binding to antibodies at positions outside of the antigen-binding site. While
antigens are the "target" of antibodies, immunoglobulin-binding proteins "attack" antibodies. .
T-dependent antigen – Antigens that require the assistance of T cells to induce the formation of
specific antibodies.
T-independent antigen – Polysaccharides (usually) that stimulate B cells directly.
Immunodominant antigens – Antigens that dominate (over all others from a pathogen) in their
ability to produce an immune response. T cell responses typically are directed against a relatively
few immunodominant epitopes, although in some cases (e.g., infection with the malaria pathogen
Plasmodium spp.) it is dispersed over a relatively large number of parasite antigens.
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CLASSES OF ANTIGENS ACCORDING TO THEIR SOURCE.
Exogenous antigens
Exogenous antigens are antigens that have entered the body from the outside, for example by
inhalation, ingestion or injection. The immune system's response to exogenous antigens is often
subclinical. By endocytosis or phagocytosis, exogenous antigens are taken into the antigenpresenting cells (APCs) and processed into fragments. APCs then present the fragments to T
helper cells (CD4+) by the use of class II histocompatibility molecules on their surface. Some T
cells are specific for the peptide:MHC complex. They become activated and start to secrete
cytokines, substances that activate cytotoxic T lymphocytes (CTL), antibody-secreting B cells,
macrophages and other particles.
Some antigens start out as exogenous, and later become endogenous (for example, intracellular
viruses). Intracellular antigens can be returned to circulation upon the destruction of the infected
cell.
Endogenous antigens
Endogenous antigens are generated within normal cells as a result of normal cell metabolism, or
because of viral or intracellular bacterial infection. The fragments are then presented on the cell
surface in the complex with MHC class I molecules. If activated cytotoxic CD8+ T cells
recognize them, the T cells secrete various toxins that cause the lysis or apoptosis of the infected
cell. In order to keep the cytotoxic cells from killing cells just for presenting self-proteins, the
cytotoxic cells (self-reactive T cells) are deleted as a result of tolerance (negative selection).
Endogenous antigens include xenogenic (heterologous), autologous and idiotypic or allogenic
(homologous) antigens.
Autoantigens
An autoantigen is usually a normal protein or protein complex (and sometimes DNA or RNA)
that is recognized by the immune system of patients suffering from a specific autoimmune
disease. These antigens should not be, under normal conditions, the target of the immune system,
but their associated T cells are not deleted and instead attack.
Neoantigens
Neoantigens are those that are entirely absent from the normal human genome. As compared
with nonmutated self-antigens, neoantigens are of relevance to tumor control, as the quality of
the T cell pool that is available for these antigens is not affected by central T cell tolerance.
Technology to systematically analyze T cell reactivity against neoantigens became available only
recently.
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Viral antigens
For virus-associated tumors, such as cervical cancer and a subset of head and neck cancers,
epitopes derived from viral open reading frames contribute to the pool of neoantigens.
Tumor antigens
Tumor antigens are those antigens that are presented by MHC I or MHC II molecules on the
surface of tumor cells. Antigens found only on such cells are called tumor-specific antigens
(TSAs) and generally result from a tumor-specific mutation. More common are antigens that are
presented by tumor cells and normal cells, called tumor-associated antigens (TAAs). Cytotoxic T
lymphocytes that recognize these antigens may be able to destroy tumor cells.
Tumor antigens can appear on the surface of the tumor in the form of, for example, a mutated
receptor, in which case they are recognized by B cells.
For human tumors without a viral etiology, novel peptides (neo-epitopes) are created by tumorspecific DNA alterations.
Process
A large fraction of human tumor mutations are effectively patient-specific. Therefore,
neoantigens may also be based on individual tumor genomes. Deep-sequencing technologies can
identify mutations within the protein-coding part of the genome (the exome) and predict
potential neoantigens. In mice models, for all novel protein sequences, potential MHC-binding
peptides were predicted. The resulting set of potential neoantigens was used to assess T cell
reactivity. Exome–based analyses were exploited in a clinical setting, to assess reactivity in
patients treated by either tumor-infiltrating lymphocyte (TIL) cell therapy or checkpoint
blockade. Neoantigen identification was successful for multiple experimental model systems and
human malignancies.
The false-negative rate of cancer exome sequencing is low—i.e., the majority of neoantigens
occur within exonic sequence with sufficient coverage. However, the vast majority of mutations
within expressed genes do not produce neoantigens that are recognized by autologous T cells.
As of 2015 mass spectroscopy resolution is insufficient to exclude many false positives from the
pool of peptides that may be presented by MHC molecules. Instead, algorithms are used to
identify the most likely candidates. These algorithms consider factors such as the likelihood of
proteasomal processing, transport into the endoplasmic reticulum, affinity for the relevant MHC
class I alleles and gene expression or protein translation levels.
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The majority of human neoantigens identified in unbiased screens display a high predicted MHC
binding affinity. Minor histocompatibility antigens, a conceptually similar antigen class are also
correctly identified by MHC binding algorithms. Another potential filter examines whether the
mutation is expected to improve MHC binding. The nature of the central TCR-exposed residues
of MHC-bound peptides is associated with peptide immunogenicity.
Nativity
A native antigen is an antigen that is not yet processed by an APC to smaller parts. T cells cannot
bind native antigens, but require that they be processed by APCs, whereas B cells can be
activated by native ones.
Antigenic specificity
Antigenic specificity is the ability of the host cells to recognize an antigen specifically as a
unique molecular entity and distinguish it from another with exquisite precision. Antigen
specificity is due primarily to the side-chain conformations of the antigen. It is measurable and
need not be linear or of a rate-limited step or equation.
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ANTIBODIES
Antibodies are large Y-shaped proteins. They are recruited by the immune system to identify and
neutralize foreign objects like bacteria and viruses.Each antibody has a unique target known as
the antigen present on the invading organism. This antigen is like a key that helps the antibody in
identifying the organism. This is because both the antibody and the antigen have similar structure
at the tips of their “Y” structures. Just like every lock has a single key, an antibody has a single
antigen key. When the key is inserted into the lock, the antibody activates, tagging or
neutralizing its target. The production of antibodies is the main function of the humoral immune
system.
Antibody: An immunoglobulin, a specialized immune protein, produced because of the
introduction of an antigen into the body, and which possesses the remarkable ability to combine
with the very antigen that triggered its production. The production of antibodies is a major
function of the immune system and is carried out by a type of white blood cell called a B cell (B
lymphocyte). Antibodies can be triggered by and directed at foreign proteins, microorganisms, or
toxins. Some antibodies are autoantibodies and home in against our own tissues. The term
"antibody" dates to 1901. Prior to that time, an "antibody" referred to any of a host of different
substances that served as "bodies" (foot soldiers) in the fight against infection and its ill effects
Antibodies are glycoproteins belonging to the immunoglobulin superfamily. They constitute
most of the gamma globulin fraction of the blood proteins. They are typically made of basic
structural units—each with two large heavy chains and two small light chains. There are several
different types of antibody heavy chains based on five different types of crystallisable fragments
(Fc) that may be attached to the antigen-binding fragments. The five different types of Fc regions
allow antibodies to be grouped into five isotypes. Each Fc region of a particular antibody isotype
is able to bind to its specific Fc Receptor (except for IgD, which is essentially the BCR), thus
allowing the antigen-antibody complex to mediate different roles depending on which FcR it
binds. The ability of an antibody to bind to its corresponding FcR is further modulated by the
structure of the glycan(s) present at conserved sites within its Fc region.The ability of antibodies
to bind to FcRs helps to direct the appropriate immune response for each different type of foreign
object they encounter. For example, IgE is responsible for an allergic response consisting of mast
cell degranulation and histamine release. IgE's Fab paratope binds to allergic antigen, for
example house dust mite particles, while its Fc region binds to Fc receptor ε. The allergen-IgEFcRε interaction mediates allergic signal transduction to induce conditions such as asthma.
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Antibody isotypes of mammals
Name Types

IgA

IgD

IgE

IgG

IgM

Description

Antibody complexes

2

Found in mucosal areas, such as the gut, respiratory
tract and urogenital tract, and prevents colonization
by pathogens.[Also found in saliva, tears, and breast
milk.

1

Functions mainly as an antigen receptor on B cells
that have not been exposed to antigens. It has been
shown to activate basophils and mast cells to
produce antimicrobial factors.

1

Binds to allergens and triggers histamine release
from mast cells and basophils, and is involved in
allergy. Also protects against parasitic worms.

4

In its four forms, provides the majority of antibodybased immunity against invading pathogens. The
only antibody capable of crossing the placenta to
give passive immunity to the fetus.

1

Expressed on the surface of B cells (monomer) and
in a secreted form (pentamer) with very high avidity.
Eliminates pathogens in the early stages of B cellmediated (humoral) immunity before there is
sufficient IgG.

Structure of antibody
Antibodies are heavy (~150 kDa) globular plasma proteins. They have sugar chains (glycans)
added to conserved amino acid residues. In other words, antibodies are glycoproteins.The
attached glycans are critically important to the structure and function of the antibody. Among
other things the expressed glycans can modulate an antibody's affinity for its corresponding
FcR(s).
The basic functional unit of each antibody is an immunoglobulin (Ig) monomer (containing only
one Ig unit); secreted antibodies can also be dimeric with two Ig units as with IgA, tetrameric
with four Ig units like teleost fish IgM, or pentameric with five Ig units, like mammalian IgM.
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Several immunoglobulin domains make up the two heavy chains (red and blue) and the two light
chains (green and yellow) of an antibody. The immunoglobulin domains are composed of
between 7 (for constant domains) and 9 (for variable domains) β-strands.
The variable parts of an antibody are its V regions, and the constant part is its C region.
Immunoglobulin domains
The Ig monomer is a "Y"-shaped molecule that consists of four polypeptide chains; two identical
heavy chains and two identical light chains connected by disulfide bonds. Each chain is
composed of structural domains called immunoglobulin domains. These domains contain about
70–110 amino acids and are classified into different categories (for example, variable or IgV, and
constant or IgC) according to their size and function. They have a characteristic immunoglobulin
fold in which two beta sheets create a "sandwich" shape, held together by interactions between
conserved cysteines and other charged amino acids.
Heavy chain.
There are five types of mammalian Ig heavy chain denoted by the Greek letters: α, δ, ε, γ, and μ.
The type of heavy chain present defines the class of antibody; these chains are found in IgA,
IgD, IgE, IgG, and IgM antibodies, respectively. Distinct heavy chains differ in size and
composition; α and γ contain approximately 450 amino acids, whereas μ and ε have
approximately 550 amino acids.
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Each heavy chain has two regions, the constant region and the variable region. The constant
region is identical in all antibodies of the same isotype, but differs in antibodies of different
isotypes. Heavy chains γ, α and δ have a constant region composed of three tandem (in a line) Ig
domains, and a hinge region for added flexibility; heavy chains μ and ε have a constant region
composed of four immunoglobulin domains. The variable region of the heavy chain differs in
antibodies produced by different B cells, but is the same for all antibodies produced by a single B
cell or B cell clone. The variable region of each heavy chain is approximately 110 amino acids
long and is composed of a single Ig domain.
Light chain
In mammals there are two types of immunoglobulin light chain, which are called lambda (λ) and
kappa (κ). A light chain has two successive domains: one constant domain and one variable
domain. The approximate length of a light chain is 211 to 217 amino acids. Each antibody
contains two light chains that are always identical; only one type of light chain, κ or λ, is present
per antibody in mammals. Other types of light chains, such as the iota (ι) chain, are found in
other vertebrates like sharks (Chondrichthyes) and bony fishes (Teleostei).
CDRs, Fv, Fab and Fc regions
Some parts of an antibody have the same functions. The arms of the Y, for example, contain the
sites that can bind to antigens (in general, identical) and, therefore, recognize specific foreign
objects. This region of the antibody is called the Fab (fragment, antigen-binding) region. It is
composed of one constant and one variable domain from each heavy and light chain of the
antibody. The paratope is shaped at the amino terminal end of the antibody monomer by the
variable domains from the heavy and light chains. The variable domain is also referred to as the
FV region and is the most important region for binding to antigens. To be specific, variable loops
of β-strands, three each on the light (VL) and heavy (VH) chains are responsible for binding to the
antigen. These loops are referred to as the complementarity determining regions (CDRs).
According to immune network theory, the adaptive immune system is regulated by interactions
between idiotypes.
The base of the Y plays a role in modulating immune cell activity. This region is called the Fc
(Fragment, crystallizable) region, and is composed of two heavy chains that contribute two or
three constant domains depending on the class of the antibody.Thus, the Fc region ensures that
each antibody generates an appropriate immune response for a given antigen, by binding to a
specific class of Fc receptors, and other immune molecules, such as complement proteins. By
doing this, it mediates different physiological effects including recognition of opsonized particles
(binding to FcγR), lysis of cells (binding to complement), and degranulation of mast cells,
basophils, and eosinophils (binding to FcεR).
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In summary, whilst the Fab region of the antibody determines its antigen specificity, the Fc
region of the antibody determines the antibody's class effect. Since only the constant domains of
the heavy chains make up the Fc region of an antibody, the classes of heavy chain in antibodies
determine their class effects. Possible classes of heavy chains in antibodies include alpha,
gamma, delta, epsilon, and mu, and they define the antibody's isotypes IgA, G, D, E, and M,
respectively. This infers different isotypes of antibodies have different class effects due to their
different Fc regions binding and activating different types of receptors. Possible class effects of
antibodies include: Opsonisation, agglutination, haemolysis, complement activation, mast cell
degranulation, and neutralisation (though this class effect may be mediated by the Fab region
rather than the Fc region). It also implies that Fab-mediated effects are directed at microbes or
toxins, whilst Fc mediated effects are directed at effector cells or effector molecules (see below).
Function
The main categories of antibody action include the following:


Neutralisation, in which neutralizing antibodies block parts of the surface of a bacterial
cell or virion to render its attack ineffective



Agglutination, in which antibodies "glue together" foreign cells into clumps that are
attractive targets for phagocytosis



Precipitation, in which antibodies "glue together" serum-soluble antigens, forcing them to
precipitate out of solution in clumps that are attractive targets for phagocytosis



Complement activation (fixation), in which antibodies that are latched onto a foreign cell
encourage complement to attack it with a membrane attack complex, which leads to the
following:
o

Lysis of the foreign cell

o

Encouragement of inflammation by chemotactically attracting inflammatory cells

Activated B cells differentiate into either antibody-producing cells called plasma cells that
secrete soluble antibody or memory cells that survive in the body for years afterward in order to
allow the immune system to remember an antigen and respond faster upon future exposures.
At the prenatal and neonatal stages of life, the presence of antibodies is provided by passive
immunization from the mother. Early endogenous antibody production varies for different kinds
of antibodies, and usually appear within the first years of life. Since antibodies exist freely in the
bloodstream, they are said to be part of the humoral immune system. Circulating antibodies are
produced by clonal B cells that specifically respond to only one antigen (an example is a virus
capsid protein fragment).
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Antibodies contribute to immunity in three ways: They prevent pathogens from entering or
damaging cells by binding to them; they stimulate removal of pathogens by macrophages and
other cells by coating the pathogen; and they trigger destruction of pathogens by stimulating
other immune responses such as the complement pathway. Antibodies will also trigger
vasoactive amine degranulation to contribute to immunity against certain types of antigens
(helminths, allergens).
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CHAPTER FIVE
THE IMMUNE SYSTEM
The major function of the immune system is to protect the host from environmental agents such
as microbes or chemicals, thereby preserving the integrity of the body. This is done by the
recognition of self and response to non-self. The immune response has been artificially divided
into innate immunity (resistance) and specific immunity. Specific immunity is further divided
into humoral immunity, the one involved with antibody, and cellular immunity, which is
orchestrated by T cells. It is essential to understand that although these divisions have helped in
understanding and analyzing the immune response, the system functions as a single unit rather
than as a separate entity. In this paper, a simplified analysis of specific immunity will be given.
However, the importance of nonspecific immunity, especially as it pertains to its role in
preventing exposure of environmental substances, should not be forgotten.
The role of the immune system — a collection of structures and processes within the body — is
to protect against disease or other potentially damaging foreign bodies. When functioning
properly, the immune system identifies a variety of threats, including viruses, bacteria and
parasites, and distinguishes them from the body's own healthy tissue.
The major components of the immune system include:
Lymph nodes: Small, bean-shaped structures that produce and store cells that fight infection and
disease and are part of the lymphatic system — which consists of bone marrow, spleen, thymus
and lymph nodes.. Lymph nodes also contain lymph, the clear fluid that carries those cells to
different parts of the body. When the body is fighting infection, lymph nodes can become
enlarged and feel sore.

Spleen: The largest lymphatic organ in the body, which is on your left side, under your ribs and
above your stomach, contains white blood cells that fight infection or disease. According to the
National Institutes of Health (NIH), the spleen also helps control the amount of blood in the body
and disposes of old or damaged blood cells.
Bone marrow: The yellow tissue in the center of the bones produces white blood cells. This
spongy tissue inside some bones, such as the hip and thigh bones, contains immature cells, called
stem cells, according to the NIH. Stem cells, especially embryonic stem cells, which are derived
from eggs fertilized in vitro (outside of the body), are prized for their flexibility in being able to
morph into any human cell.
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Lymphocytes: These small white blood cells play a large role in defending the body against
disease. The two types of lymphocytes are B-cells, which make antibodies that attack bacteria
and toxins, and T-cells, which help destroy infected or cancerous cells. Killer T-cells are a
subgroup of T-cells that kill cells that are infected with viruses and other pathogens or are
otherwise damaged. Helper T-cells help determine which immune responses the body makes to a
particular pathogen.
Thymus: This small organ is where T-cells mature. This often-overlooked part of the immune
system, which is situated beneath the breastbone (and is shaped like a thyme leaf, hence the
name), can trigger or maintain the production of antibodies that can result in muscle weakness.
Interestingly, the thymus is somewhat large in infants, grows until puberty, then starts to slowly
shrink and become replaced by fat with age, according to the National Institute of Neurological
Disorders and Stroke.
Leukocytes: These disease-fighting white blood cells identify and eliminate pathogens and are
the second arm of the innate immune system. A high white blood cell count is referred to as
leukocytosis. The innate leukocytes include phagocytes (macrophages, neutrophils and dendritic
cells), mast cells, eosinophils and basophils.
The immune system is a system of many biological structures and processes within an organism
that protects against disease. To function properly, an immune system must detect a wide variety
of agents, known as pathogens, from viruses to parasitic worms, and distinguish them from the
organism's own healthy tissue. In many species, the immune system can be classified into
subsystems, such as the innate immune system versus the adaptive immune system, or humoral
immunity versus cell-mediated immunity. In humans, the blood–brain barrier, blood–
cerebrospinal fluid barrier, and similar fluid–brain barriers separate the peripheral immune
system from the neuroimmune system which protects the brain.
Pathogens can rapidly evolve and adapt, and thereby avoid detection and neutralization by the
immune system; however, multiple defense mechanisms have also evolved to recognize and
neutralize pathogens. Even simple unicellular organisms such as bacteria possess a rudimentary
immune system, in the form of enzymes that protect against bacteriophage infections. Other
basic immune mechanisms evolved in ancient eukaryotes and remain in their modern
descendants, such as plants and invertebrates. These mechanisms include phagocytosis,
antimicrobial peptides called defensins, and the complement system. Jawed vertebrates,
including humans, have even more sophisticated defense mechanisms,including the ability to
adapt over time to recognize specific pathogens more efficiently. Adaptive (or acquired)
immunity creates immunological memory after an initial response to a specific pathogen, leading
to an enhanced response to subsequent encounters with that same pathogen. This process of
acquired immunity is the basis of vaccination.
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Disorders of the immune system can result in autoimmune diseases, inflammatory diseases and
cancer. Immunodeficiency occurs when the immune system is less active than normal, resulting
in recurring and life-threatening infections. In humans, immunodeficiency can either be the result
of a genetic disease such as severe combined immunodeficiency, acquired conditions such as
HIV/AIDS, or the use of immunosuppressive medication. In contrast, autoimmunity results from
a hyperactive immune system attacking normal tissues as if they were foreign organisms.
Common autoimmune diseases include Hashimoto's thyroiditis, rheumatoid arthritis, diabetes
mellitus type 1, and systemic lupus erythematosus. Immunology covers the study of all aspects
of the immune system.
Innate immune system
Microorganisms or toxins that successfully enter an organism encounter the cells and
mechanisms of the innate immune system. The innate response is usually triggered when
microbes are identified by pattern recognition receptors, which recognize components that are
conserved among broad groups of microorganisms, or when damaged, injured or stressed cells
send out alarm signals, many of which (but not all) are recognized by the same receptors as those
that recognize pathogens. Innate immune defenses are non-specific, meaning these systems
respond to pathogens in a generic way. This system does not confer long-lasting immunity
against a pathogen. The innate immune system is the dominant system of host defense in most
organisms.
Surface barriers
Several barriers protect organisms from infection, including mechanical, chemical, and
biological barriers. The waxy cuticle of many leaves, the exoskeleton of insects, the shells and
membranes of externally deposited eggs, and skin are examples of mechanical barriers that are
the first line of defense against infection. However, as organisms cannot be completely sealed
from their environments, other systems act to protect body openings such as the lungs, intestines,
and the genitourinary tract. In the lungs, coughing and sneezing mechanically eject pathogens
and other irritants from the respiratory tract. The flushing action of tears and urine also
mechanically expels pathogens, while mucus secreted by the respiratory and gastrointestinal tract
serves to trap and entangle microorganisms.
Chemical barriers also protect against infection. The skin and respiratory tract secrete
antimicrobial peptides such as the β-defensins. Enzymes such as lysozyme and phospholipase A2
in saliva, tears, and breast milk are also antibacterials. Vaginal secretions serve as a chemical
barrier following menarche, when they become slightly acidic, while semen contains defensins
and zinc to kill pathogens. In the stomach, gastric acid and proteases serve as powerful chemical
defenses against ingested pathogens.
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Within the genitourinary and gastrointestinal tracts, commensal flora serve as biological barriers
by competing with pathogenic bacteria for food and space and, in some cases, by changing the
conditions in their environment, such as pH or available iron. This reduces the probability that
pathogens will reach sufficient numbers to cause illness. However, since most antibiotics nonspecifically target bacteria and do not affect fungi, oral antibiotics can lead to an "overgrowth" of
fungi and cause conditions such as a vaginal candidiasis (a yeast infection).There is good
evidence that re-introduction of probiotic flora, such as pure cultures of the lactobacilli normally
found in unpasteurized yogurt, helps restore a healthy balance of microbial populations in
intestinal infections in children and encouraging preliminary data in studies on bacterial
gastroenteritis, inflammatory bowel diseases, urinary tract infection and post-surgical infections.
Inflammation
Inflammation is one of the first responses of the immune system to infection. The symptoms of
inflammation are redness, swelling, heat, and pain, which are caused by increased blood flow
into tissue. Inflammation is produced by eicosanoids and cytokines, which are released by
injured or infected cells. Eicosanoids include prostaglandins that produce fever and the dilation
of blood vessels associated with inflammation, and leukotrienes that attract certain white blood
cells (leukocytes). Common cytokines include interleukins that are responsible for
communication between white blood cells; chemokines that promote chemotaxis; and interferons
that have anti-viral effects, such as shutting down protein synthesis in the host cell. Growth
factors and cytotoxic factors may also be released. These cytokines and other chemicals recruit
immune cells to the site of infection and promote healing of any damaged tissue following the
removal of pathogens.
Complement system
The complement system is a biochemical cascade that attacks the surfaces of foreign cells. It
contains over 20 different proteins and is named for its ability to "complement" the killing of
pathogens by antibodies. Complement is the major humoral component of the innate immune
response. Many species have complement systems, including non-mammals like plants, fish, and
some invertebrates.
In humans, this response is activated by complement binding to antibodies that have attached to
these microbes or the binding of complement proteins to carbohydrates on the surfaces of
microbes. This recognition signal triggers a rapid killing response. The speed of the response is a
result of signal amplification that occurs following sequential proteolytic activation of
complement molecules, which are also proteases. After complement proteins initially bind to the
microbe, they activate their protease activity, which in turn activates other complement
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proteases, and so on. This produces a catalytic cascade that amplifies the initial signal by
controlled positive feedback.The cascade results in the production of peptides that attract
immune cells, increase vascular permeability, and opsonize (coat) the surface of a pathogen,
marking it for destruction. This deposition of complement can also kill cells directly by
disrupting their plasma membrane.
Cellular barriers
Leukocytes (white blood cells) act like independent, single-celled organisms and are the second
arm of the innate immune system. The innate leukocytes include the phagocytes (macrophages,
neutrophils, and dendritic cells), mast cells, eosinophils, basophils, and natural killer cells. These
cells identify and eliminate pathogens, either by attacking larger pathogens through contact or by
engulfing and then killing microorganisms. Innate cells are also important mediators in the
activation of the adaptive immune system.
Phagocytosis is an important feature of cellular innate immunity performed by cells called
'phagocytes' that engulf, or eat, pathogens or particles. Phagocytes generally patrol the body
searching for pathogens, but can be called to specific locations by cytokines. Once a pathogen
has been engulfed by a phagocyte, it becomes trapped in an intracellular vesicle called a
phagosome, which subsequently fuses with another vesicle called a lysosome to form a
phagolysosome. The pathogen is killed by the activity of digestive enzymes or following a
respiratory burst that releases free radicals into the phagolysosome. Phagocytosis evolved as a
means of acquiring nutrients, but this role was extended in phagocytes to include engulfment of
pathogens as a defense mechanism.Phagocytosis probably represents the oldest form of host
defense, as phagocytes have been identified in both vertebrate and invertebrate animals.
Neutrophils and macrophages are phagocytes that travel throughout the body in pursuit of
invading pathogens. Neutrophils are normally found in the bloodstream and are the most
abundant type of phagocyte, normally representing 50% to 60% of the total circulating
leukocytes. During the acute phase of inflammation, particularly as a result of bacterial infection,
neutrophils migrate toward the site of inflammation in a process called chemotaxis, and are
usually the first cells to arrive at the scene of infection. Macrophages are versatile cells that
reside within tissues and produce a wide array of chemicals including enzymes, complement
proteins, and regulatory factors such as interleukin 1. Macrophages also act as scavengers,
ridding the body of worn-out cells and other debris, and as antigen-presenting cells that activate
the adaptive immune system.
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Dendritic cells (DC) are phagocytes in tissues that are in contact with the external environment;
therefore, they are located mainly in the skin, nose, lungs, stomach, and intestines. They are
named for their resemblance to neuronal dendrites, as both have many spine-like projections, but
dendritic cells are in no way connected to the nervous system. Dendritic cells serve as a link
between the bodily tissues and the innate and adaptive immune systems, as they present antigens
to T cells, one of the key cell types of the adaptive immune system.
Mast cells reside in connective tissues and mucous membranes, and regulate the inflammatory
response. They are most often associated with allergy and anaphylaxis. Basophils and
eosinophils are related to neutrophils. They secrete chemical mediators that are involved in
defending against parasites and play a role in allergic reactions, such as asthma. Natural killer
(NK cells) cells are leukocytes that attack and destroy tumor cells, or cells that have been
infected by viruses.
Natural killer cells
Natural killer cells, or NK cells, are a component of the innate immune system which does not
directly attack invading microbes. Rather, NK cells destroy compromised host cells, such as
tumor cells or virus-infected cells, recognizing such cells by a condition known as "missing self."
This term describes cells with low levels of a cell-surface marker called MHC I (major
histocompatibility complex) – a situation that can arise in viral infections of host cells. They
were named "natural killer" because of the initial notion that they do not require activation in
order to kill cells that are "missing self." For many years it was unclear how NK cells recognize
tumor cells and infected cells. It is now known that the MHC makeup on the surface of those
cells is altered and the NK cells become activated through recognition of "missing self". Normal
body cells are not recognized and attacked by NK cells because they express intact self MHC
antigens. Those MHC antigens are recognized by killer cell immunoglobulin receptors (KIR)
which essentially put the brakes on NK cells.
Adaptive immune system
The adaptive immune system evolved in early vertebrates and allows for a stronger immune
response as well as immunological memory, where each pathogen is "remembered" by a
signature antigen. The adaptive immune response is antigen-specific and requires the recognition
of specific "non-self" antigens during a process called antigen presentation. Antigen specificity
allows for the generation of responses that are tailored to specific pathogens or pathogen-infected
cells. The ability to mount these tailored responses is maintained in the body by "memory cells".
Should a pathogen infect the body more than once, these specific memory cells are used to
quickly eliminate it.
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Lymphocytes
The cells of the adaptive immune system are special types of leukocytes, called lymphocytes. B
cells and T cells are the major types of lymphocytes and are derived from hematopoietic stem
cells in the bone marrow. B cells are involved in the humoral immune response, whereas T cells
are involved in cell-mediated immune response.
Both B cells and T cells carry receptor molecules that recognize specific targets. T cells
recognize a "non-self" target, such as a pathogen, only after antigens (small fragments of the
pathogen) have been processed and presented in combination with a "self" receptor called a
major histocompatibility complex (MHC) molecule. There are two major subtypes of T cells: the
killer T cell and the helper T cell. In addition there are regulatory T cells which have a role in
modulating immune response. Killer T cells only recognize antigens coupled to Class I MHC
molecules, while helper T cells and regulatory T cells only recognize antigens coupled to Class II
MHC molecules. These two mechanisms of antigen presentation reflect the different roles of the
two types of T cell. A third, minor subtype are the γδ T cells that recognize intact antigens that
are not bound to MHC receptors.
In contrast, the B cell antigen-specific receptor is an antibody molecule on the B cell surface, and
recognizes whole pathogens without any need for antigen processing. Each lineage of B cell
expresses a different antibody, so the complete set of B cell antigen receptors represent all the
antibodies that the body can manufacture.
Killer T cells
Killer T cells are a sub-group of T cells that kill cells that are infected with viruses (and other
pathogens), or are otherwise damaged or dysfunctional.As with B cells, each type of T cell
recognizes a different antigen. Killer T cells are activated when their T cell receptor (TCR) binds
to this specific antigen in a complex with the MHC Class I receptor of another cell. Recognition
of this MHC:antigen complex is aided by a co-receptor on the T cell, called CD8. The T cell then
travels throughout the body in search of cells where the MHC I receptors bear this antigen. When
an activated T cell contacts such cells, it releases cytotoxins, such as perforin, which form pores
in the target cell's plasma membrane, allowing ions, water and toxins to enter. The entry of
another toxin called granulysin (a protease) induces the target cell to undergo apoptosis. T cell
killing of host cells is particularly important in preventing the replication of viruses. T cell
activation is tightly controlled and generally requires a very strong MHC/antigen activation
signal, or additional activation signals provided by "helper" T cells (see below).
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Helper T cells

Function of T helper cells: Antigen-presenting cells (APCs) present antigen on their Class II
MHC molecules (MHC2). Helper T cells recognize these, with the help of their expression of
CD4 co-receptor (CD4+). The activation of a resting helper T cell causes it to release cytokines
and other stimulatory signals (green arrows) that stimulate the activity of macrophages, killer T
cells and B cells, the latter producing antibodies. The stimulation of B cells and macrophages
succeeds a proliferation of T helper cells.
Helper T cells regulate both the innate and adaptive immune responses and help determine which
immune responses the body makes to a particular pathogen.These cells have no cytotoxic activity
and do not kill infected cells or clear pathogens directly. They instead control the immune
response by directing other cells to perform these tasks.
Helper T cells express T cell receptors (TCR) that recognize antigen bound to Class II MHC
molecules. The MHC:antigen complex is also recognized by the helper cell's CD4 co-receptor,
which recruits molecules inside the T cell (e.g., Lck) that are responsible for the T cell's
activation. Helper T cells have a weaker association with the MHC:antigen complex than
observed for killer T cells, meaning many receptors (around 200–300) on the helper T cell must
be bound by an MHC:antigen in order to activate the helper cell, while killer T cells can be
activated by engagement of a single MHC:antigen molecule. Helper T cell activation also
requires longer duration of engagement with an antigen-presenting cell. The activation of a
resting helper T cell causes it to release cytokines that influence the activity of many cell types.
Cytokine signals produced by helper T cells enhance the microbicidal function of macrophages
and the activity of killer T cells.In addition, helper T cell activation causes an upregulation of
molecules expressed on the T cell's surface, such as CD40 ligand (also called CD154), which
provide extra stimulatory signals typically required to activate antibody-producing B cells.
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Gamma delta T cells
Gamma delta T cells (γδ T cells) possess an alternative T cell receptor (TCR) as opposed to
CD4+ and CD8+ (αβ) T cells and share the characteristics of helper T cells, cytotoxic T cells and
NK cells. The conditions that produce responses from γδ T cells are not fully understood. Like
other 'unconventional' T cell subsets bearing invariant TCRs, such as CD1d-restricted Natural
Killer T cells, γδ T cells straddle the border between innate and adaptive immunity. On one hand,
γδ T cells are a component of adaptive immunity as they rearrange TCR genes to produce
receptor diversity and can also develop a memory phenotype. On the other hand, the various
subsets are also part of the innate immune system, as restricted TCR or NK receptors may be
used as pattern recognition receptors. For example, large numbers of human Vγ9/Vδ2 T cells
respond within hours to common molecules produced by microbes, and highly restricted Vδ1+ T
cells in epithelia respond to stressed epithelial cells.
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An antibody is made up of two heavy chains and two light chains. The unique variable region
allows an antibody to recognize its matching antigen.
B lymphocytes and antibodies
A B cell identifies pathogens when antibodies on its surface bind to a specific foreign antigen.
This antigen/antibody complex is taken up by the B cell and processed by proteolysis into
peptides. The B cell then displays these antigenic peptides on its surface MHC class II
molecules. This combination of MHC and antigen attracts a matching helper T cell, which
releases lymphokines and activates the B cell. As the activated B cell then begins to divide, its
offspring (plasma cells) secrete millions of copies of the antibody that recognizes this antigen.
These antibodies circulate in blood plasma and lymph, bind to pathogens expressing the antigen
and mark them for destruction by complement activation or for uptake and destruction by
phagocytes. Antibodies can also neutralize challenges directly, by binding to bacterial toxins or
by interfering with the receptors that viruses and bacteria use to infect cells.
Alternative adaptive immune system
Evolution of the adaptive immune system occurred in an ancestor of the jawed vertebrates. Many
of the classical molecules of the adaptive immune system (e.g., immunoglobulins and T cell
receptors) exist only in jawed vertebrates. However, a distinct lymphocyte-derived molecule has
been discovered in primitive jawless vertebrates, such as the lamprey and hagfish. These animals
possess a large array of molecules called Variable lymphocyte receptors (VLRs) that, like the
antigen receptors of jawed vertebrates, are produced from only a small number (one or two) of
genes. These molecules are believed to bind pathogenic antigens in a similar way to antibodies,
and with the same degree of specificity.
Immunological memory
When B cells and T cells are activated and begin to replicate, some of their offspring become
long-lived memory cells. Throughout the lifetime of an animal, these memory cells remember
each specific pathogen encountered and can mount a strong response if the pathogen is detected
again. This is "adaptive" because it occurs during the lifetime of an individual as an adaptation to
infection with that pathogen and prepares the immune system for future challenges.
Immunological memory can be in the form of either passive short-term memory or active longterm memory.
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Passive memory
Newborn infants have no prior exposure to microbes and are particularly vulnerable to infection.
Several layers of passive protection are provided by the mother. During pregnancy, a particular
type of antibody, called IgG, is transported from mother to baby directly across the placenta, so
human babies have high levels of antibodies even at birth, with the same range of antigen
specificities as their mother. Breast milk or colostrum also contains antibodies that are
transferred to the gut of the infant and protect against bacterial infections until the newborn can
synthesize its own antibodies. This is passive immunity because the fetus does not actually make
any memory cells or antibodies—it only borrows them. This passive immunity is usually shortterm, lasting from a few days up to several months. In medicine, protective passive immunity can
also be transferred artificially from one individual to another via antibody-rich serum.

The time-course of an immune response begins with the initial pathogen encounter, (or initial
vaccination) and leads to the formation and maintenance of active immunological memory.
Active memory and immunization
Long-term active memory is acquired following infection by activation of B and T cells. Active
immunity can also be generated artificially, through vaccination. The principle behind
vaccination (also called immunization) is to introduce an antigen from a pathogen in order to
stimulate the immune system and develop specific immunity against that particular pathogen
without causing disease associated with that organism. This deliberate induction of an immune
response is successful because it exploits the natural specificity of the immune system, as well as
its inducibility. With infectious disease remaining one of the leading causes of death in the
human population, vaccination represents the most effective manipulation of the immune system
mankind has developed.
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Most viral vaccines are based on live attenuated viruses, while many bacterial vaccines are based
on acellular components of micro-organisms, including harmless toxin components. Since many
antigens derived from acellular vaccines do not strongly induce the adaptive response, most
bacterial vaccines are provided with additional adjuvants that activate the antigen-presenting
cells of the innate immune system and maximize immunogenicity.
What Is the Function of the Immune System?
The immune system is composed of specialized cells, various proteins, tissue and organs. The
immune system works to defend us against hordes of microorganisms and germs that we are
exposed to every day. In majority of the cases, the immune system performs and excellent job of
preventing diseases and infections and keep us healthy. However, in some cases, problems can
occur in the immune system, which can lead to occurrence of numerous illnesses and diseases.
The body’s defense against various microorganisms that cause disease and illness is the immune
system. The immune system attacks these disease causing organisms through a sequence of steps
referred to as the immune response.
The immune system is composed of a number of cells, tissues and organs that work in
association and attacks the disease causing microorganisms and protect the human body. The
cells of the immune system are the leukocytes or the white blood cells. They are of two main
types that work in combination and destroy organisms and substances that invade the body.
Leukocytes are manufactured and stored in multiple organs of the body such as the spleen, bone
marrow and the thymus gland. Hence, these organs are referred to as the lymphoid organs.
Clumps of lymphoid tissues are also present throughout the body in the form of lymph nodes that
contain the leukocytes.
The circulation of the leukocytes in the body takes place between the lymph nodes and the
various organs through the blood vessels and lymphatic vessels. Hence, the functioning of the
immune system occurs in a coordinated manner, thereby, monitoring the body against disease
causing germs and microorganisms.
Leukocytes are divided into two main types as: phagocytes and lymphocytes.
Phagocytes. These are the cells that eat or engulf the invading microorganisms. There are a
number of different types of phagocytes, the most common being neutrophils that fight with
bacteria primarily. In case of a suspected bacterial infection your physician will order a blood
test to check for increased number of neutrophils triggered by the infection. The other
phagocytes work in their own way and destroy the specific invaders.
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Lymphocytes. These are the cells that help the body to remember the organisms and then
recognize and destroy them when they invade the body again. Lymphocytes are of two types: B
lymphocytes and T lymphocytes. Lymphocytes are produced in the bone marrow and they either
remain there and mature to form B lymphocytes or move to the thymus gland and mature to form
T lymphocytes. Both the cells have different functions; B cells seek their target and send defense
to lock them out, whereas T cells destroy the target identified by the B cells.
How Does the Immune System Work?
When foreign particles or antigens invade the body, the various types of immune system cells
work in combination to recognize and destroy them. The B lymphocytes are triggered in the
process producing antibodies, which are specialized proteins that block specific antigens.
Once these antibodies are produced, they remain in the body and if the same antigen invades the
body again, they are already present to block the antigen. Hence, if a person gets a specific
disease, that person will not get sick with that disease again. This is the principle used behind
immunizations used to prevent diseases.
After an antigen is locked by an antibody, the T cells come into action and destroy the antigens
tagged by a particular antibody. T cells are therefore, sometimes referred to as killer cells.
Antibodies can also help in neutralizing toxins secreted by the microorganisms. They also help in
activating a specialized group of proteins referred to as complement that helps in destroying
viruses, bacteria and other infected cells.
The body is thus protected against diseases by these specialized cells of the immune system and
this protection is referred to as immunity.
Diseases of the immune system
If immune system-related diseases are defined very broadly, then allergic diseases such as
allergic rhinitis, asthma, and eczema are very common. However, these actually represent a
hyper-response to external allergens. Asthma and allergies also involve the immune system. A
normally harmless material, such as grass pollen, food particles, mold or pet dander, is mistaken
for a severe threat and attacked.Other dysregulation of the immune system includes autoimmune
diseases such as lupus and rheumatoid arthritis. "Finally, some less common disease related to
deficient immune system conditions are antibody deficiencies and cell mediated conditions that
may show up congenitally,".Disorders of the immune system can result in autoimmune diseases,
inflammatory diseases and cancer, according to the NIH.
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Immunodeficiency occurs when the immune system is not as strong as normal, resulting in
recurring and life-threatening infections, according to the University of Rochester Medical
Center. In humans, immunodeficiency can either be the result of a genetic disease such as severe
combined immunodeficiency, acquired conditions such as HIV/AIDS, or through the use of
immunosuppressive medication.
On the opposite end of the spectrum, autoimmunity results from a hyperactive immune system
attacking normal tissues as if they were foreign bodies, according to the University of Rochester
Medical Center. Common autoimmune diseases include Hashimoto's thyroiditis, rheumatoid
arthritis, diabetes mellitus type 1 and systemic lupus erythematosus. Another disease considered
to be an autoimmune disorder is myasthenia gravis.
Diagnosing diseases of the immune system
Even though symptoms of immune diseases vary, fever and fatigue are common signs that the
immune system is not functioning properly. Most of the time, immune deficiencies are diagnosed
with blood tests that either measure the level of immune elements or their functional activity.
Allergic conditions may be evaluated using either blood tests or allergy skin testing to identify
what allergens trigger symptoms.

DISORDERS OF HUMAN IMMUNITY
The immune system is a remarkably effective structure that incorporates specificity, inducibility
and adaptation. Failures of host defense do occur, however, and fall into three broad categories:
immunodeficiencies, autoimmunity, and hypersensitivities.
Immunodeficiencies
Immunodeficiencies occur when one or more of the components of the immune system are
inactive. The ability of the immune system to respond to pathogens is diminished in both the
young and the elderly, with immune responses beginning to decline at around 50 years of age
due to immunosenescence. In developed countries, obesity, alcoholism, and drug use are
common causes of poor immune function. However, malnutrition is the most common cause of
immunodeficiency in developing countries. Diets lacking sufficient protein are associated with
impaired cell-mediated immunity, complement activity, phagocyte function, IgA antibody
concentrations, and cytokine production. Additionally, the loss of the thymus at an early age
through genetic mutation or surgical removal results in severe immunodeficiency and a high
susceptibility to infection.
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Immunodeficiencies can also be inherited or 'acquired'. Chronic granulomatous disease, where
phagocytes have a reduced ability to destroy pathogens, is an example of an inherited, or
congenital, immunodeficiency. AIDS and some types of cancer cause acquired
immunodeficiency.
Autoimmunity
Overactive immune responses comprise the other end of immune dysfunction, particularly the
autoimmune disorders. Here, the immune system fails to properly distinguish between self and
non-self, and attacks part of the body. Under normal circumstances, many T cells and antibodies
react with "self" peptides.One of the functions of specialized cells (located in the thymus and
bone marrow) is to present young lymphocytes with self antigens produced throughout the body
and to eliminate those cells that recognize self-antigens, preventing autoimmunity.
Hypersensitivity
Hypersensitivity is an immune response that damages the body's own tissues. They are divided
into four classes (Type I – IV) based on the mechanisms involved and the time course of the
hypersensitive reaction. Type I hypersensitivity is an immediate or anaphylactic reaction, often
associated with allergy. Symptoms can range from mild discomfort to death. Type I
hypersensitivity is mediated by IgE, which triggers degranulation of mast cells and basophils
when cross-linked by antigen.Type II hypersensitivity occurs when antibodies bind to antigens
on the patient's own cells, marking them for destruction. This is also called antibody-dependent
(or cytotoxic) hypersensitivity, and is mediated by IgG and IgM antibodies.Immune complexes
(aggregations of antigens, complement proteins, and IgG and IgM antibodies) deposited in
various tissues trigger Type III hypersensitivity reactions. Type IV hypersensitivity (also known
as cell-mediated or delayed type hypersensitivity) usually takes between two and three days to
develop. Type IV reactions are involved in many autoimmune and infectious diseases, but may
also involve contact dermatitis (poison ivy). These reactions are mediated by T cells, monocytes,
and macrophages.
Other mechanisms and evolution
It is likely that a multicomponent, adaptive immune system arose with the first vertebrates, as
invertebrates do not generate lymphocytes or an antibody-based humoral response.Many species,
however, utilize mechanisms that appear to be precursors of these aspects of vertebrate
immunity. Immune systems appear even in the structurally most simple forms of life, with
bacteria using a unique defense mechanism, called the restriction modification system to protect
themselves from viral pathogens, called bacteriophages.
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Prokaryotes also possess acquired immunity, through a system that uses CRISPR sequences to
retain fragments of the genomes of phage that they have come into contact with in the past,
which allows them to block virus replication through a form of RNA interference.Offensive
elements of the immune systems are also present in unicellular eukaryotes, but studies of their
roles in defense are few.
Pattern recognition receptors are proteins used by nearly all organisms to identify molecules
associated with pathogens. Antimicrobial peptides called defensins are an evolutionarily
conserved component of the innate immune response found in all animals and plants, and
represent the main form of invertebrate systemic immunity. The complement system and
phagocytic cells are also used by most forms of invertebrate life. Ribonucleases and the RNA
interference pathway are conserved across all eukaryotes, and are thought to play a role in the
immune response to viruses.
Unlike animals, plants lack phagocytic cells, but many plant immune responses involve systemic
chemical signals that are sent through a plant.Individual plant cells respond to molecules
associated with pathogens known as Pathogen-associated molecular patterns or PAMPs. When a
part of a plant becomes infected, the plant produces a localized hypersensitive response, whereby
cells at the site of infection undergo rapid apoptosis to prevent the spread of the disease to other
parts of the plant. Systemic acquired resistance (SAR) is a type of defensive response used by
plants that renders the entire plant resistant to a particular infectious agent. RNA silencing
mechanisms are particularly important in this systemic response as they can block virus
replication.

Tumor immunology

77

Macrophages have identified a cancer cell (the large, spiky mass). Upon fusing with the cancer
cell, the macrophages (smaller white cells) inject toxins that kill the tumor cell. Immunotherapy
for the treatment of cancer is an active area of medical research.
Another important role of the immune system is to identify and eliminate tumors. This is called
immune surveillance. The transformed cells of tumors express antigens that are not found on
normal cells. To the immune system, these antigens appear foreign, and their presence causes
immune cells to attack the transformed tumor cells. The antigens expressed by tumors have
several sources;some are derived from oncogenic viruses like human papillomavirus, which
causes cervical cancer,while others are the organism's own proteins that occur at low levels in
normal cells but reach high levels in tumor cells. One example is an enzyme called tyrosinase
that, when expressed at high levels, transforms certain skin cells (e.g. melanocytes) into tumors
called melanomas.A third possible source of tumor antigens are proteins normally important for
regulating cell growth and survival, that commonly mutate into cancer inducing molecules called
oncogenes.
The main response of the immune system to tumors is to destroy the abnormal cells using killer
T cells, sometimes with the assistance of helper T cells.Tumor antigens are presented on MHC
class I molecules in a similar way to viral antigens. This allows killer T cells to recognize the
tumor cell as abnormal.NK cells also kill tumorous cells in a similar way, especially if the tumor
cells have fewer MHC class I molecules on their surface than normal; this is a common
phenomenon with tumors. Sometimes antibodies are generated against tumor cells allowing for
their destruction by the complement system.
Clearly, some tumors evade the immune system and go on to become cancersTumor cells often
have a reduced number of MHC class I molecules on their surface, thus avoiding detection by
killer T cells. Some tumor cells also release products that inhibit the immune response; for
example by secreting the cytokine TGF-β, which suppresses the activity of macrophages and
lymphocytes.In addition, immunological tolerance may develop against tumor antigens, so the
immune system no longer attacks the tumor cells.
Paradoxically, macrophages can promote tumor growth when tumor cells send out cytokines that
attract macrophages, which then generate cytokines and growth factors that nurture tumor
development. In addition, a combination of hypoxia in the tumor and a cytokine produced by
macrophages induces tumor cells to decrease production of a protein that blocks metastasis and
thereby assists spread of cancer cells.

78

Physiological regulation
Hormones can act as immunomodulators, altering the sensitivity of the immune system. For
example, female sex hormones are known immunostimulators of both adaptive and innate
immune responses.Some autoimmune diseases such as lupus erythematosus strike women
preferentially, and their onset often coincides with puberty. By contrast, male sex hormones such
as testosterone seem to be immunosuppressive Other hormones appear to regulate the immune
system as well, most notably prolactin, growth hormone and vitamin D.
When a T-cell encounters a foreign pathogen, it extends a vitamin D receptor. This is essentially
a signaling device that allows the T-cell to bind to the active form of vitamin D, the steroid
hormone calcitriol. T-cells have a symbiotic relationship with vitamin D. Not only does the Tcell extend a vitamin D receptor, in essence asking to bind to the steroid hormone version of
vitamin D, calcitriol, but the T-cell expresses the gene CYP27B1, which is the gene responsible
for converting the pre-hormone version of vitamin D, calcidiol into the steroid hormone version,
calcitriol. Only after binding to calcitriol can T-cells perform their intended function. Other
immune system cells that are known to express CYP27B1 and thus activate vitamin D calcidiol,
are dendritic cells, keratinocytes and macrophages.
It is conjectured that a progressive decline in hormone levels with age is partially responsible for
weakened immune responses in aging individuals.[103] Conversely, some hormones are regulated
by the immune system, notably thyroid hormone activity. The age-related decline in immune
function is also related to decreasing vitamin D levels in the elderly. As people age, two things
happen that negatively affect their vitamin D levels. First, they stay indoors more due to
decreased activity levels. This means that they get less sun and therefore produce less
cholecalciferol via UVB radiation. Second, as a person ages the skin becomes less adept at
producing vitamin D.
Sleep and Rest
The immune system is affected by sleep and rest and sleep deprivation is detrimental to immune
function.Complex feedback loops involving cytokines, such as interleukin-1 and tumor necrosis
factor-α produced in response to infection, appear to also play a role in the regulation of nonrapid eye movement (REM) sleep. Thus the immune response to infection may result in changes
to the sleep cycle, including an increase in slow-wave sleep relative to REM sleep.
When suffering from sleep deprivation, active immunizations may have a diminished effect and
may result in lower antibody production, and a lower immune response, than would be noted in a
well-rested individual.
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Additionally, proteins such as NFIL3, which have been shown to be closely intertwined with
both T-cell differentiation and our circadian rhythms, can be affected through the disturbance of
natural light and dark cycles through instances of sleep deprivation, shift work, etc. As a result,
these disruptions can lead to an increase in chronic conditions such as heart disease, chronic
pain, and asthma.
In addition to the negative consequences of sleep deprivation, sleep and the intertwined circadian
system have been shown to have strong regulatory effects on immunological functions affecting
both the innate and the adaptive immunity. First, during the early slow-wave-sleep stage, a
sudden drop in blood levels of cortisol, epinephrine, and norepinephrine induce increased blood
levels of the hormones leptin, pituitary growth hormone, and prolactin. These signals induce a
pro-inflammatory state through the production of the pro-inflammatory cytokines interleukin-1,
interleukin-12, TNF-alpha and IFN-gamma. These cytokines then stimulate immune functions
such as immune cells activation, proliferation, and differentiation. It is during this time that
undifferentiated, or less differentiated, like naïve and central memory T cells, peak (i.e. during a
time of a slowly evolving adaptive immune response). In addition to these effects, the milieu of
hormones produced at this time (leptin, pituitary growth hormone, and prolactin) support the
interactions between APCs and T-cells, a shift of the Th1/Th2 cytokine balance towards one that
supports Th1, an increase in overall Th cell proliferation, and naïve T cell migration to lymph
nodes. This milieu is also thought to support the formation of long-lasting immune memory
through the initiation of Th1 immune responses.
In contrast, during wake periods differentiated effector cells, such as cytotoxic natural killer cells
and CTLs (cytotoxic T lymphocytes), peak in order to elicit an effective response against any
intruding pathogens. As well during awake active times, anti-inflammatory molecules, such as
cortisol and catecholamines, peak. There are two theories as to why the pro-inflammatory state is
reserved for sleep time. First, inflammation would cause serious cognitive and physical
impairments if it were to occur during wake times. Second, inflammation may occur during sleep
times due to the presence of melatonin. Inflammation causes a great deal of oxidative stress and
the presence of melatonin during sleep times could actively counteract free radical production
during this time.
Nutrition and diet
Overnutrition is associated with diseases such as diabetes and obesity, which are known to affect
immune function. More moderate malnutrition, as well as certain specific trace mineral and
nutrient deficiencies, can also compromise the immune response.
Foods rich in certain fatty acids may foster a healthy immune system. Likewise, fetal
undernourishment can cause a lifelong impairment of the immune system.
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Manipulation in medicine

The immunosuppressive drug dexamethasone
The immune response can be manipulated to suppress unwanted responses resulting from
autoimmunity, allergy, and transplant rejection, and to stimulate protective responses against
pathogens that largely elude the immune system or cancer.
Immunosuppression
Immunosuppressive drugs are used to control autoimmune disorders or inflammation when
excessive tissue damage occurs, and to prevent transplant rejection after an organ transplant.
Anti-inflammatory drugs are often used to control the effects of inflammation. Glucocorticoids
are the most powerful of these drugs; however, these drugs can have many undesirable side
effects, such as central obesity, hyperglycemia, osteoporosis, and their use must be tightly
controlled. Lower doses of anti-inflammatory drugs are often used in conjunction with cytotoxic
or immunosuppressive drugs such as methotrexate or azathioprine. Cytotoxic drugs inhibit the
immune response by killing dividing cells such as activated T cells. However, the killing is
indiscriminate and other constantly dividing cells and their organs are affected, which causes
toxic side effects. Immunosuppressive drugs such as cyclosporin prevent T cells from responding
to signals correctly by inhibiting signal transduction pathways.
Immunostimulation
Cancer immunotherapy covers the medical ways to stimulate the immune system to attack cancer
tumours.
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Manipulation by pathogens
The success of any pathogen depends on its ability to elude host immune responses. Therefore,
pathogens evolved several methods that allow them to successfully infect a host, while evading
detection or destruction by the immune system. Bacteria often overcome physical barriers by
secreting enzymes that digest the barrier, for example, by using a type II secretion
system.Alternatively, using a type III secretion system, they may insert a hollow tube into the
host cell, providing a direct route for proteins to move from the pathogen to the host. These
proteins are often used to shut down host defenses.
An evasion strategy used by several pathogens to avoid the innate immune system is to hide
within the cells of their host (also called intracellular pathogenesis). Here, a pathogen spends
most of its life-cycle inside host cells, where it is shielded from direct contact with immune cells,
antibodies and complement. Some examples of intracellular pathogens include viruses, the food
poisoning bacterium Salmonella and the eukaryotic parasites that cause malaria (Plasmodium
falciparum) and leishmaniasis (Leishmania spp.). Other bacteria, such as Mycobacterium
tuberculosis, live inside a protective capsule that prevents lysis by complement.Many pathogens
secrete compounds that diminish or misdirect the host's immune response. Some bacteria form
biofilms to protect themselves from the cells and proteins of the immune system. Such biofilms
are present in many successful infections, e.g., the chronic Pseudomonas aeruginosa and
Burkholderia cenocepacia infections characteristic of cystic fibrosis. Other bacteria generate
surface proteins that bind to antibodies, rendering them ineffective; examples include
Streptococcus (protein G), Staphylococcus aureus (protein A), and Peptostreptococcus magnus
(protein L).
The mechanisms used to evade the adaptive immune system are more complicated. The simplest
approach is to rapidly change non-essential epitopes (amino acids and/or sugars) on the surface
of the pathogen, while keeping essential epitopes concealed. This is called antigenic variation.
An example is HIV, which mutates rapidly, so the proteins on its viral envelope that are essential
for entry into its host target cell are constantly changing. These frequent changes in antigens may
explain the failures of vaccines directed at this virus.The parasite Trypanosoma brucei uses a
similar strategy, constantly switching one type of surface protein for another, allowing it to stay
one step ahead of the antibody response. Masking antigens with host molecules is another
common strategy for avoiding detection by the immune system. In HIV, the envelope that covers
the virion is formed from the outermost membrane of the host cell; such "self-cloaked" viruses
make it difficult for the immune system to identify them as "non-self" structures.
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Interactions between antigen and antibody
Interaction between antigen and antibody is a bimolecular association and it does not lead to an
irreversible chemical alteration in either the antibody or the antigen. The association between an
antigen and antibody involves various non-covalent interactions between the antigenic
determinant (epitope) of the antigen and the variable-region (VH/VL) domain of the antibody
molecule. The specific association of antigens and antibodies is dependent on hydrogen bonds,
hydrophobic interactions, electrostatic forces, and van der Walls interactions, which are all weak
and non-covalent in nature. So a large number of such weak interactions are required to form a
strong antigen-antibody (Ag-Ab) interaction. These interactions can only take place if the
antigen and antibody molecules are close enough for some of the individual atoms to fit into
complementary recesses. The complementary regions of an antibody are its two antigen binding
sites. Like antibodies, antigens can be multivalent, either through multiple copies of the same
epitope, or through the presence of multiple epitopes that are recognized by multiple antibodies.
Interactions involving multivalency can produce more stabilized complexes.
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CHAPTER SIX
POLYMERASE CHAIN REACTION (PCR)
Polymerase chain reaction, PCR, is an efficient and cost-effective way to copy or "amplify"
small segments of DNA or RNA. Using PCR, millions of copies of a section of DNA are made
in just a few hours, yielding enough DNA required for analysis. This innovative yet simple
method allows clinicians to diagnose and monitor diseases using a minimal amount of sample,
such as blood or tissue. Sometimes called "molecular photocopying," the polymerase chain
reaction (PCR) is a fast and inexpensive technique used to "amplify" - copy - small segments of
DNA. Because significant amounts of a sample of DNA are necessary for molecular and genetic
analyses, studies of isolated pieces of DNA are nearly impossible without PCR amplification.
Often heralded as one of the most important scientific advances in molecular biology, PCR
revolutionized the study of DNA to such an extent that its creator, Kary B. Mullis, was awarded
the Nobel Prize for Chemistry in 1993. PCR (Polymerase Chain Reaction)
PCR is a revolutionary method developed by Kary Mullis in the 1980s. PCR is based on using
the ability of DNA polymerase to synthesize new strand of DNA complementary to the offered
template strand. Because DNA polymerase can add a nucleotide only onto a preexisting 3'-OH
group, it needs a primer to which it can add the first nucleotide. This requirement makes it
possible to delineate a specific region of template sequence that the researcher wants to amplify.
At the end of the PCR reaction, the specific sequence will be accumulated in billions of copies
(amplicons).
Though PCR occurs in vitro, or outside of the body in a laboratory, it is based on the natural
process of DNA replication. In its simplest form, the reaction occurs when a DNA sample and a
DNA polymerase, nucleotides, primers and other reagents (man-made chemical compounds) are
added to a sample tube. The reagents facilitate the reaction needed to copy the DNA code.
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In addition to detecting diseases in a sample, PCR enables the monitoring of the amount of a
virus present, or viral load, in a person’s body. In diseases such as hepatitis C or human
immunodeficiency virus (HIV) infections, viral load is a good indication of how sick a person
may be or how well a person’s medicine and treatment is working. Armed with this information,
physicians may determine when to start treatment and the person’s response to treatment, making
treatment

personalized

to

each

individual.

There are three clear steps in each PCR cycle, and each cycle approximately doubles the amount
of target DNA. This is an exponential reaction so more than one billion copies of the original or
“target” DNA are generated in 30 to 40 PCR cycles.
Components of PCR
DNA template
- the sample DNA that contains the target sequence. At the beginning of the reaction, high
temperature is applied to the original double-stranded DNA molecule to separate the strands
from each other.
DNA polymerase
- a type of enzyme that synthesizes new strands of DNA complementary to the target sequence.
The first and most commonly used of these enzymes is Taq DNA polymerase (from Thermis
aquaticus), whereas Pfu DNA polymerase (from Pyrococcus furiosus) is used widely because of
its higher fidelity when copying DNA. Although these enzymes are subtly different, they both
have two capabilities that make them suitable for PCR: 1) they can generate new strands of DNA
using a DNA template and primers, and 2) they are heat resistant.
Primers
- short pieces of single-stranded DNA that are complementary to the target sequence. The
polymerase begins synthesizing new DNA from the end of the primer.
Nucleotides (dNTPs or deoxynucleotide triphosphates)
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- single units of the bases A, T, G, and C, which are essentially "building blocks" for new DNA
strands.

RT-PCR
(Reverse Transcription PCR) is PCR preceded with conversion of sample RNA into cDNA with
enzyme reverse transcriptase
Limitations of PCR and RT-PCR
The PCR reaction starts to generate copies of the target sequence exponentially. Only during the
exponential phase of the PCR reaction is it possible to extrapolate back to determine the starting
quantity of the target sequence contained in the sample. Because of inhibitors of the polymerase
reaction found in the sample, reagent limitation, accumulation of pyrophosphate molecules, and
self-annealing of the accumulating product, the PCR reaction eventually ceases to amplify target
sequence at an exponential rate and a "plateau effect" occurs, making the end point quantification
of PCR products unreliable. This is the attribute of PCR that makes Real-Time Quantitative RTPCR so necessary.
How does PCR work?
To amplify a segment of DNA using PCR, the sample is first heated so the DNA denatures, or
separates into two pieces of single-stranded DNA. Next, an enzyme called "Taq polymerase"
synthesizes - builds - two new strands of DNA, using the original strands as templates. This
process results in the duplication of the original DNA, with each of the new molecules
containing one old and one new strand of DNA. Then each of these strands can be used to create
two new copies, and so on, and so on. The cycle of denaturing and synthesizing new DNA is
repeated as many as 30 or 40 times, leading to more than one billion exact copies of the original
DNA segment.
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The entire cycling process of PCR is automated and can be completed in just a few hours. It is
directed by a machine called a thermocycler, which is programmed to alter the temperature of the
reaction every few minutes to allow DNA denaturing and synthesis.
Sample Preparation

Before initiating PCR, DNA must be isolated from a sample. DNA extraction is a multi-step
process that may be done manually or with an instrument like the COBAS® AmpliPrep
Instrument, the first instrument that prepared samples automatically without human intervention.
Following

sample

preparation,

the

three-step

PCR

process

is

initiated.

1. Separating the Target DNA - Denaturation
During the first step of PCR, called denaturation, the tube containing the sample DNA is heated
to more than 90 degrees Celsius (194 degrees Fahrenheit), which separates the double-stranded
DNA into two separate strands. The high temperature breaks the relatively weak bonds between
the nucleotides that form the DNA code.
2. Binding Primers to the DNA Sequence - Annealing
PCR does not copy all of the DNA in the sample. It copies only a very specific sequence of
genetic code, targeted by the PCR primers. For example, Chlamydia has a unique pattern of
nucleotides specific to the bacteria. The PCR will copy only the specific DNA sequences that are
present in Chlamydia and absent from other bacterial species. To do this, PCR uses primers,
man-made oligonucleotides (short pieces of synthetic DNA) that bind, or anneal, only to
sequences on either side of the target DNA region.
Two primers are used in step two - one for each of the newly separated single DNA strands. The
primers bind to the beginning of the sequence that will be copied, marking off the sequence for
step three. During step two, the tube is cooled and primer binding occurs between 40 and 60
degrees Celsius (104 – 140 degrees Fahrenheit).
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Step two yields two separate strands of DNA, with sequences marked off by primers. The two
strands are ready to be copied.
3. Making a Copy - Extension
In the third phase of the reaction, called extension, the temperature is increased to approximately
72 degrees Celsius (161.5 degrees Fahrenheit). Beginning at the regions marked by the primers,
nucleotides in the solution are added to the annealed primers by the DNA polymerase to create a
new strand of DNA complementary to each of the single template strands. After completing the
extension, two identical copies of the original DNA have been made.
After making two copies of the DNA through PCR, the cycle begins again, this time using the
new duplicated DNA. Each duplicate creates two new copies and after approximately 30 or 40
PCR cycles, more than one billion copies of the original DNA segment have been made. Because
the PCR process is automated, it can be completed in just a few hours.

In a healthcare setting, PCR makes enough copies of target DNA from the clinical sample to
allow analysis; the results of these diagnostic and monitoring tests provide clinicians and other
healthcare providers with information to guide treatment.
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What is PCR used for?
Once amplified, the DNA produced by PCR can be used in many different laboratory
procedures. For example, most mapping techniques in the Human Genome Project (HGP) relied
on PCR.
PCR is also valuable in a number of laboratory and clinical techniques, including DNA
fingerprinting, detection of bacteria or viruses (particularly AIDS), and diagnosis of genetic
disorders.
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CHAPTER SEVEN
ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)
Enzyme-linked immunosorbent assay (ELISA), also known as an enzyme immunoassay (EIA),
is a biochemical technique used mainly in immunology to detect the presence of an antibody or
an antigen in a sample. The ELISA has been used as a diagnostic tool in medicine and plant
pathology, as well as a quality-control check in various industries,such as ELISA application in
food industry. In simple terms, in ELISA, an unknown amount of antigen is affixed to a surface,
and then a specific antibody is applied over the surface so that it can bind to the antigen. This
antibody is linked to an enzyme, and in the final step a substance is added that the enzyme can
convert to some detectable signal, most commonly a colour change in a chemical substrate.
Principle of ELISA
Enzyme-linked Immunosorbent Assays (ELISAs) combine the specificity of antibodies with the
sensitivity of simple enzyme assays, by using antibodies or antigens coupled to an easily-assayed
enzyme. ELISAs can provide a useful measurement of antigen or antibody concentration. There
are two main variations on this method: The ELISA can be used to detect the presence of
antigens that are recognized by an antibody or it can be used to test for antibodies that recognize
an antigen. A general ELISA is a five-step procedure: 1) coat the microtiter plate wells with
antigen; 2) block all unbound sites to prevent false positive results; 3) add primary antibody (e.g.
rabbit monoclonal antibody) to the wells; 4) add secondary antibody conjugated to an enzyme
(e.g. anti-mouse IgG); 5) reaction of a substrate with the enzyme to produce a colored product,
thus indnmbvhicating a positive reaction. There are many different types of ELISAs. One of the
most common types of ELISA is "sandwich ELISA".
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A sandwich ELISA schematic principle
1. To coat the ELISA plate with diluted capture antibody and incubate overnight at 4°C.
2. Wash the plate wells with ddH2O, wash with PBS-Triton twice.
3. Block non-specific binding using 1% BSA/PBS and incubate for 30-60 minutes at RT.
4. Wash plate. Add standards and 100ul of diluted samples to appropriate wells.
5. Incubate for 1 hour at RT. Wash.
6. Add 100ul appropriate dilution of the secondary antibody conjugated with Alkaline
Phosphatase (AP) or Horseradish Peroxidase (HRP) and incubate for 1 hour. Wash.
7. Add 100ul of substrate to well and incubate at RT for 1 hour. (Add stopping solution)
8. Read plates on an ELISA microplate reader.
Performing an ELISA involves at least one antibody with specificity for a particular antigen. The
sample with an unknown amount of antigen is immobilized on a solid support (usually a
polystyrene microtiter plate, see in detail in the section of ELISA device) either non-specifically
(via adsorption to the surface) or specifically (via capture by another antibody specific to the
same antigen, in a "sandwich" ELISA). After the antigen is immobilized, the detection antibody
is added, forming a complex with the antigen. The detection antibody can be covalently linked to
an enzyme, or can itself be detected by a secondary antibody that is linked to an enzyme through
bioconjugation. The part of antibody incubation of ELISA is similar with that of western blot.
Between each step, the plate is typically washed with a mild detergent solution to remove any
proteins or antibodies that are not specifically bound. After the final wash step, the plate is
developed by adding an enzymatic substrate to produce a visible signal, which indicates the
quantity of antigen in the sample.
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Types of ELISA assays
Four kinds of ELISA here are here illustrated as you may concern:
Direct ELISA
(1) Direct ELISAs involve attachment of the antigen to the solid phase, followed by an enzymelabeled antibody. This type of assay generally makes measurement of crude samples difficult,
since contaminating proteins compete for plastic binding sites.
Indirect ELISA
(2) Indirect ELISAs also involve attachment of the antigen to a solid phase, but in this case, the
primary antibody is not labeled. An enzyme-conjugated secondary antibody, directed at the first
antibody, is then added. This format is used most often to detect specific antibodies in sera.
Competitive ELISA
(3) The third type of ELISA is the Competition Assay, which involves the simultaneous addition
of 'competing' antibodies or proteins. The decrease in signal of samples where the second
antibody or protein is added gives a highly specific result.
Sandwich ELISA
(4) The last type of assay is the sandwich ELISA. Sandwich ELISAs involve attachment of a
capture antibody to a solid phase support. Samples containing known or unknown antigen are
then added in a matrix or buffer that will minimize attachment to the solid phase. An enzymelabeled antibody is then added for detection.
The ELISA method is a benchmark for quantitation of pathological antigens and there are indeed
many variations to this method. ELISAs are adaptable to high-throughput screening because
results are rapid, consistent and relatively easy to analyze. The best results have been obtained
with the sandwich format, utilizing highly purified, prematched capture and detector antibodies.
The resulting signal provides data which is very sensitive and highly specific.
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Components qf ELISA Assay/Reagent
ELISA assays play important roles in clinical detection. Three necessary ELISA reagents
include: immunosorbent, conjugate and substrate. All the components of ELISA reagents for a
complete ELISA assay, or an ELISA kit are as follows:


Immunosorbent (Solid support which has been coated antibodies or antigens)

Solid supporter which has been coated with antigens and antibodies can be stored in lowtemperature (2~8℃) and drying condition for six months. There are some kits that provide
coating antigens or antibodies, so inspector do it by themselves.
In ELISA test, solid carrier is adsorbent and container, so do not react. There are lots of
materials, usually polystyrene, that can be used in ELISA. Polystyrene is strong in adsorbing
protein. Antibody or protein antigen remains activity after adsorbed on it. In addition, it is widely
used because of cheap price. Polystyrene is plastic material, so it can be made all kinds of
shapes.
There are three shapes of ELISA carrier: microtiter plate, small ball and small tube. Usually,
microplate which is 96 wells plate is generally used. The character of ELISA plate is that it can
be used to detect large amount of simples at the same time and the results are quickly calculated
on a colorimeter. Polystyrene is strong in adsorbing protein, usually immunoglobulin, after
radiation. It can increase antibodies in solid supporters.
The good ELISA plate is strong adsorbing, low-value blank and high-transparency in the bottom
of well. The performance among plates and wells in a plate is similar.


Conjugate (Antigen or antibodies conjugated enzyme)

Conjugate is antibody (antigen) linked with enzyme, it is the key substance in ELISA. The good
conjugate possess not only catalytic activity of enzyme but also immunological competence of
antibody.
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Antibodies (antigens) are in proportion to enzymes in order to reduce uncombined enzymes or
unlinked antibodies (antigens). In addition, the conjugate must be favorable stability. If the kit
requires you to prepare a "working" conjugate solution, be sure to follow the instructions closely.
Prepare only what you immediately need, and do not save leftover solution for future use. If
conjugates are contaminated or improperly stored, they may lose enzymatic activity or may have
an apparent increase in background. Most kits supply a ready-to-use conjugate.
1) Enzyme
Enzymes used in ELISA should meet requirements such as high purity, high conversion rate,
favorable specificity, stable properties, rich resources, cheap price and remaining active
component and catalytic capacity after becoming conjugate. It is good that there is no same
enzyme in simple. In addition, corresponding substrate is easy to be made and stored. Nonferrous products is easy to be detected. In ELISA, horseradish peroxidase (HRP) and alkaline
phosohatas (AP) are usually used.
2) Antigen and antibody
High purified IgG is usually used in conjugate in order to avoid the interference of other proteins
when it is linked with enzyme. It is the best to utilize antibodies that is purified through affinity
chromatography. These enzyme conjugates are all specific in immunocompetence and can react
in low concentration.


Substrate (The substrate of enzyme)

The chemical activity of the substrate will be compromised if it is exposed to light or comes into
contact with metal. Protect this solution by storing it in a dark container until ready for use.


Controls

Most kits are formulated with prediluted controls. However, some require that you dilute them in
the same manner as your sample. Controls should be added to the plate in the same method and
at the same time as the samples.
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Sample Dilluent and Wash Solution

Make sure the sample diluent and wash solution have come to room temperature (18–25°C)
before use. These are usually the largest bottles in a kit and require the most time to equilibrate.
If the wash solution still shows crystal formation after reaching room temperature, mix it by
inverting it several times. In plate form of ELISA, 0.05 % of tween 20 of PBST is widely used as
diluent.


Stop solution

Be sure to use the stop solution included in the kit. Follow any safety precautions in the package
insert. The stop solution should be at room temperature before use. If the stop solution shows
crystal formation after reaching room temperature, mix it by inverting several times. The stop
solution may crystalize at lower temperatures. Before use, make sure that it is completely
dissolved and appears clear. H2SO4 is widely used as stop solution for HRP reaction. Its
concentration is based on the final volume of solution, usually 2 mol/L in ELISA plate.

ELISA Protocol
Plate Preparation
1.Dilute the capture antibody to the working concentration in CBS. Immediately coat a 96-well
microplate with 100μL per well of the diluted capture antibody. Seal the plate and incubate
overnight at 4℃.
2.Aspirate each well and wash with at least 300μl wash buffer, repeating the process two times
for a total of three washes. Complete removal of liquid at each step is essential for good
performance. After the last wash, remove any remaining wash buffer by inverting the plate and
blotting it against clean paper towels.
3.Block plates by adding 300 μL of blocking buffer to each well. Incubate at room temperature
for a minimum of 1 hour.
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4.Repeat the aspiration/wash as in step 2. The plates are now ready for sample addition.
Assay Procedure
1.Add 100 μL of sample or standards in sample dilution buffer per well. Seal the plate and
incubate 2 hours at room temperature.
2.Repeat the aspiration/wash as in step 2 of plate preparation.
3.Add 100 μL of the detection antibody, diluted in antibody dilution buffer, to each well. Seal the
plate and incubate 1 hour at room temperature.
4.Repeat the aspiration/wash as in step 2 of plate preparation.
5.Add 200 μL of substrate solution to each well. Incubate for 20 minutes at room temperature ( if
substrate solution is not as requested, the incubation time should be optimized ). Avoid placing
the plate in direct light.
6.Add 50 μL of stop solution to each well. Gently tap the plate to ensure thorough mixing.
7.Determine the optical density of each well immediately, using a microplate reader set to 450
nm.
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Calculation of Results
1.Calculate the mean absorbance for each set of duplicate standards, controls and samples.
Subtract the mean zero standard absorbance from each.
2.Construct a standard curve by plotting the mean absorbance for each standard on the y-axis
against the concentration on the x-axis and draw a best fit curve through the points on the graph.
3.To determine the concentration of the unknowns, find the unknowns’ mean absorbance value
on the y-axis and draw a horizontal line to the standard curve. At the point of intersection, draw a
vertical line to the x-axis and read the concentration. If samples have been diluted, the
concentration read from the standard curve must be multiplied by the dilution factor.
4.Alternatively, computer-based curve-fitting statistical software may also be employed to
calculate the concentration of the sample.
ELISA DETECTION STRATEGIES
Due to different substrate and final signal detection system, ELISA assays vary considerably.
The ELISA components do not always include the same enzyme (illustrated in Chromogenic
Assay). The followings are based on different kinds of biochemical reactions:
•Chromogenic Assay
•Chemifluorescent Assay
•Chemiluminescent Assay
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Chromogenic assays
Chromogenic assays result in a colored reaction product that absorbs light in the visible range.
The antigen-antibody complex formed on the solid carrier is separated from other substances by
washing. The antibody was labeled by enzyme. After the substrate of the enzyme was added, the
substrate becomes a colored product under catalysis of the enzyme-catalyzed, which is directly
related to the amount of test substance. The optical density of the reaction product is typically
proportional to the amount of analyte being measured. Due to the very high efficiency of the
enzyme, the reaction can be greatly enlarged with a high sensitivity.
Chemifluorescent Assay
Fluorescent immunoassays are simply a variation of colorimetric ELISA. An enzyme converts a
substrate to a reaction product that fluoresces when excited by light of a particular wavelength.
The relative fluorescence units (emitted photons of light) that are detected are typically
proportional to the amount of analyte being measured. In comparison to the colorimetric ELISA,
fluorescent immunoassays are only slightly more sensitive. However, they widen the dynamic
range of the assay by allowing very high readings to be accurately measured as opposed to the
2.0 to 4.0 OD limit imposed on colorimetric assays. Theory: Fluorescence results from a process
that occurs when certain molecules (generally polyaromatic hydrocarbons or heterocycles) called
fluorophores, fluorochromes, or fluorescent dyes absorb light. The absorption of light by a
population of these molecules raises their energy level to a brief excited state. As they decay
from this excited state, they emit fluorescent light.
Chemiluminescent Assay
Luminescent immunoassays are variations of the standard ELISA, just like fluorescent
immunoassays. An enzyme converts a substrate to a reaction product that emits photons of light
instead of developing a visible color. Luminescence is described as the emission of light from a
substance as it returns from an electronically excited state to ground state. The various forms of
luminescence (bioluminescence, chemiluminescence, photoluminescence) differ in the way the
excited state is reached.
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For example, photoluminescence is simply fluorescence; the excitation is initiated by light at a
particular wavelength.
Bioluminescence is characterized by the use of a bioluminescent compound, such as luciferin
and firefly luciferase. Chemiluminescence is light produced by a chemical reaction. The
chemiluminescent substance is excited by the oxidation and catalysis forming intermediates.
When the excited intermediates return back to their stable ground state, a photon is released,
which is detected by the luminescent signal instrument.

Both bioluminescence and chemiluminescence are widely used for immunoassays and will be
discussed as “luminescence”. Luminescent assays, in particular enhanced luminescent assays, are
very sensitive and have a wide dynamic range. It is believed that luminescence is the most
sensitive detection method currently in use due to the ability of signal multiplication and
amplification. Luminescent reactions are measured in relative light units (RLU) that are typically
proportionate to the amount of analyte present in a sample.
APPLICATION OF ELIZA
Take one of the applications of ELISA for example, indirect ELISA can be applied in the
determination of antibody titer. Many types of immunoassays can be used to detect and
quantitate both antigens and antibodies, but there are differences in the avidity requirements for
the antibodies, the signal strengths of the labels, and the amount of background for each of these
types of assays. Indirect ELISA is the most appropriate technique for measuring the titer of the
antisera you have generated. The only difference from general indirect ELISA is that what need
to be doubling diluted are antisera (antibodies) other than antigens. In this type of ELISA
(Enzyme-Linked Immunosorbant Assay), the antigen (peptide or protein) is bound to the
polystyrene microtiter plate first. The antiserum is then doubling diluted by for example, 1/200,
1/400, 1/800, 1/1600, 1/3200, 1/6400, 1/12800, 1/25600, 1/51200, and so on. The antiserum
containing the anti-peptide antibody is then added to the well and allowed to bind.
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Note that, negative serum should also be diluted and added to the well in the same manner with
antiserum at the same time. Finally, a secondary antibody, specific for the primary antibody and
labeled for detection, is added to the well and allowed to bind. The secondary antibody is usually
conjugated with an enzyme. This enzyme catalyzes the formation of colored substance from a
colorless substrate, such as TMB. This colored substance is then quantified. The value of OD
450nm of each well is measured by a microplate reader, and then, all the values of A450 for
positive serum and nagative serum are recorded in the form of line chart, as is shown above.
Calculate the ratio of the absorbance of the positive serum and nagative serum (P/N). If the ratio
of P/N is less than 1.5, the result is taken as negative; if 1.5≤P/N＜2.1, the result is doubtful; and
only when the value of P/N is more than 2.1, the result can be taken as positive. That is, as the
dilutability of serum is getting larger, the dilution point when the ratio of P/N begins to get less
than 2.1, is just the titer of antibody for the antiserum.
The technique of ELISA was created by Doctor Dennis E Bidwell and Alister Voller, and the
first purpose was to detect various kind of diseases, such as Malaria, Chagas' disease, and Johne
disease. For further detailed information about ELISA applications in disease diagnosis, please
read about the section of ELISA related diseases. If you would like to know about some disease
therapeutic targets, suggested here are some useful tools for research on diseases, including
Cancer, Alzheimer's, Autoimmune disease, Diabetes, Heart disease, Vascular disease,
Parkinson's, etc.
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A. ELIZA is used to determine:
Viral Contamination
• Hormone levels
• Infections
• Specific disease factors
• Drugs
• Allergens in food
• Residues in food
• Toxins in food
B. Application of ELIZA also include:
1. Determination of Antibody Concentration
2. Monoclonal Antibody Screening
3. Determination of Viral infection (HIV, West Nile Virus, NDV)
4. Determination of Pregnancy
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5. Detecting potential food allergens such as milk, peanuts, walnuts, almonds and eggs
6. Diagnosis of diseases
7. Test for HIV
8. Test for Influenza
9. Test for Hemolytic Anemia
10. Test for Lyme disease
11. Test for Food Allergy
12. Test for Chagas disease
13. Test for Leishmaniasis
14. Test for Ebola HF
15. Test for Monkeypox
16. Test for West Nile Virus
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Advantages of ELIZA Assay
Compared to other immunoassay methods, there are many advantages of ELISA. ELISA tests
are more accurate. They are considered highly sensitive, specific and compare favorably with
other methods used to detect substances in the body, such as radioimmune assay (RIA) tests.
ELISA possesses the added advantages of not needing radioisotopes (radioactive substances) or a
costly radiation counter (a radiation-counting apparatus).
1.High Sensitivity
The high sensitivity of ELISA, comes from the enzyme as a reporting group. As is known to all,
the enzyme is an organic catalyst, a small amount of which could induce a large span of catalytic
reactions to produce observable chromogenic reaction phenomenon. Therefore, this system is
often taken as the amplification system of enzyme. By ELISA, a tracer of the antigen or antibody
is achieved in the cell or subcellular level, also, antigen or antibody quantification can be done in
the microgram or even nanogram levels.
2.Strong Specificity
Specificity of ELISA is because of the selectivity of the antibody or antigen. Actually, the
binding of antigen or antibody only occurs in the epitope of an antigen or antigen-binding site of
an antibody. Since, there is a complementary relationship between epitope and antigen-binding
site both in chemical structure and spatial configuration, the reaction between antigen and
antibody shows a strong specifity.These advantages of ELISA make it an useful biotechnical tool
with many appllicaitons, either in scientific research or clinical diagnosis of diseases or
conditions.
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CHAPTER EIGHT
CHEMILUMINESCENT ASSAY

Luminescent immunoassays are variations of the standard ELISA, just like fluorescent
immunoassays. An enzyme converts a substrate to a reaction product that emits photons of light
instead of developing a visible color. Luminescence is described as the emission of light from a
substance as it returns from an electronically excited state to ground state. The various forms of
luminescence (bioluminescence, chemiluminescence, photoluminescence) differ in the way the
excited state is reached. For example, photoluminescence is simply fluorescence; the excitation
is initiated by light at a particular wavelength. Bioluminescence is characterized by the use of a
bioluminescent compound, such as luciferin and firefly luciferase. Chemiluminescence is light
produced by a chemical reaction. The chemiluminescent substance is excited by the oxidation
and catalysis forming intermediates. When the excited intermediates return back to their stable
ground state, a photon is released, which is detected by the luminescent signal instrument.
Both bioluminescence and chemiluminescence are widely used for immunoassays and will be
discussed as “luminescence”. Luminescent assays, in particular enhanced luminescent assays, are
very sensitive and have a wide dynamic range. It is believed that luminescence is the most
sensitive detection method currently in use due to the ability of signal multiplication and
amplification. Luminescent reactions are measured in relative light units (RLU) that are typically
proportionate to the amount of analyte present in a sample.
Principle of luminescent immunoassays

The widely used enzymes for luminescent immunoassays are also AP and HRP. HRP can be
used with either bio- or chemiluminescent systems and is easily enhanced to allow prolonged
detection of intense light (glow luminescence) which makes it compatible with all size
microplate assay formats.
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The suitable substrates for peroxidase include (i) luminal (3-Aminophthalhydrazide), (ii)
polyphenols and acridine esters, and (iii) luciferin. The reaction of peroxidase with luciferin is
considered bioluminescence. In this reaction, peroxidase replaces the in vivo enzyme, luciferase.
The other substrates are chemiluminescent compounds. Polyphenols are actually a class of
substrates that include pyrogallol, purpurogallin, gallic acid, and umbelliferone. All polyphenols
are known for their excellent signal to noise ratio and extremely rapid light decay. Polyphenol
and acridine ester substrates can only be used in conjunction with luminescent detectors
equipped to handle “flash” reactions. The most popular substrate used for immunoassays is
luminal or its derivatives such as isoluminol (4-Aminophthalhydrazide). It is the most suited for
clinical diagnostic tests due to its properties when used in an enhanced luminescence system.
Commercially available luminol is provided with an enhancer (phenols, naphthols, aromatic
amines, or benzothiazoles) that acts as an enzyme protector and allows the reaction to proceed
for many minutes without substantial decay in light output. Luminol oxidation reaction is carried
out in an alkaline buffer, peroxidase enzymes and reactive oxygen species [peroxide anion (O2-),
singlet oxygen (1O2), hydroxyalkyl radical (OH •), peroxide hydrogen (H2O2)], to generate
excited state intermediates. When they return to the ground state, a wavelength of 425 nm is
emitted. Typically, light emission stabilizes in less than 2 minutes, and sustained emission lasts
for approximately 20 minutes or more.
Enhanced luminescence is characterized by the following desirable features: intense light
emission, prolonged light emission, low background, no preincubation step, and substrate that
can be added several minutes prior to detection. As long as commercial preparations of luminol
are used, control of the reaction pH is not a concern. However, if the substrate is a “home-brew”
preparation, pH must be stabilized at about 8.5 to allow both peroxidase activity (optimal at pH
5.5) and light emission (optimal at pH 12.0) to occur. If the pH varies much above or below 8.5,
either the enzymatic activity or the luminescent detection will be negatively affected. As
mentioned, luminolbased chemiluminescence is well suited for microplate-based immunoassays;
in addition, this system is also recommended for DNA probe assays. The semi-automatic
analysis system Kodak Am erliteTM is specially designed for this system.
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AP and galactosidase each have one preferred substrate. AMPPD (3-(2'-spiroadamantane)-4methyl-4-(3'-phosphoryloxyphenyl-1, 2- dioxetane, disodium salt) is the substrate most
commonly

used

with

alkaline

phosphatase.

A

similar

substrate,

AMPGD

(3-(2'-

spiroadamantane)-4-methoxy-4- (3'-ß-D-galactopyranosyloxyphenyl-1,2-dioxetane), is routinely
used with ß-galactosidase. Both substrates are compatible with commercially available
enhancers.
Properties: ultra-high sensitivity (10, 000 times higher than and the light absorption method and
1000 times higher than the fluorescence detection method); wider dynamic range; show a linear
relationship between luminous intensity (6-8 orders of magnitude) and the concentration of
measured substance; lower background; no background expression of luciferase in mammals
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CHAPTER NINE
CHEMIFLUORESCENCT ASSAY/FLUORESCENT IMMUNOASSAYS
Fluorescent immunoassays are simply a variation of colorimetric ELISA. An enzyme converts a
substrate to a reaction product that fluoresces when excited by light of a particular wavelength.
The relative fluorescence units (emitted photons of light) that are detected are typically
proportional to the amount of analyte being measured. In comparison to the colorimetric ELISA,
fluorescent immunoassays are only slightly more sensitive. However, they widen the dynamic
range of the assay by allowing very high readings to be accurately measured as opposed to the
2.0 to 4.0 OD limit imposed on colorimetric assays.
Theory: Fluorescence results from a process that occurs when certain molecules (generally
polyaromatic hydrocarbons or heterocycles) called fluorophores, fluorochromes, or fluorescent
dyes absorb light. The absorption of light by a population of these molecules raises their energy
level to a brief excited state. As they decay from this excited state, they emit fluorescent light.
The process responsible for fluorescence is illustrated by a simple electronic state diagram.

① Excitation ②Vibrational relaxation③ Emission
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Properties: high sensitivity (more than 1000 times sensitive than the light absorption method);
easy to use; efficient; safe; no radiation; but have background fluorescence interference
(microplate autofluorescence) and interference of the excitation light to the emitted light.
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CHAPTER TEN
IMMUNOBLOTTING
Process by which antigens can be separated by electrophoresis and allowed to adhere to
nitrocellulose sheets where they bind nonspecifically and then are subsequently identified by
staining with appropriately labeled antibodies.A method for identifying antigens. The antigens
are allowed to adhere to cellulose sheets and are identified by staining with labeled antibodies.
The method is also used to detect monoclonal proteins.the immunologic methods for isolating
and quantitatively measuring immunoreactive substances. When used with immune reagents
such as monoclonal antibodies e.g Western blot analysis. Immunoblotting involves visualization
of specific DNA , RNA & protein among many thousands of contaminating molecules requires
the convergence of number of techniques which are collectively termed BLOT transfer .
Immunoblotting techniques use antibodies (or other specific ligands in related techniques) to
identify target proteins among a number of unrelated protein species. They involve identification
of protein target via antigen-antibody (or protein-ligand) specific reactions. Proteins are typically
separated by electrophoresis and transferred onto membranes (usually nitrocellulose). The
membrane is overlaid with a primary antibody for a specific target and then with a secondary
antibody labeled, for example, with enzymes or with radioisotopes. When the ligand is not an
antibody, the reaction can be visualized using a ligand that is directly labeled. Dot blot is a
simplified procedure in which protein samples are not separated by electrophoresis but are
spotted directly onto membrane. Immunoblotting is now widely used in conjunction with twodimensional polyacrylamide gel electrophoresis, not only for traditional goals, such as the
immunoaffinity identification of proteins and analysis of immune responses but also as a
genome-proteome interface technique.
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Types of Blotting Techniques
Western blot It is used to detect protein
Northern Blot It is used to detect RNA.
Southern Blot It is used to detect DNA.

Immunoblot procedures like protein blotting, or Western blotting, allow individuals to detect
specific solubilized proteins from extracts made from cells or tissues, before or after any
purification steps.
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Immunoblotting Procedures
This analytic technique proceeds in the following steps. Proteins are generally separated by size
using sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis. After this, they are
transferred to a synthetic membrane via dry, semi-dry, or wet blotting methods. In the electric
field generated by a power supply, the proteins coated with negatively charged SDS migrate
toward the positive electrode. As the proteins migrate out of the gel, they are captured on a
membrane. Protein binding to the membrane is an irreversible mechanism. Membranes can be of
the nitrocellulose, polyvinylidene difluoride (PVDF), or nylon variety. The membrane can then
be blocked with serum albumin or milk solution to prevent non-specific antibody binding. This is
followed by probing with antibodies specific to the protein being studied on the membrane, a
method that is similar to immunohistochemistry, but without a need for fixation. This technique
exploits the specificity inherent in antigen-antibody recognition. Detection is typically performed
using chromogen or peroxide-linked secondary antibodies to catalyze a chromogenic or
chemiluminescent reaction.
Applications of Immunoblotting
Western blotting is a routine molecular biology method that can be used to semi-quantitatively
compare protein levels between extracts. The size separation, prior to blotting, allows the protein
molecular weight to be gauged, as compared with known molecular weight markers .
Immunoblots are most often used in research settings and are usually performed to confirm
results

from

ELISA

or

other

immunoassays.

In

clinical

diagnostic

settings,

immunoelectrophoresis is applied, which involves the electrophoresis of serum or urine followed
by immunodiffusion. The size and position of precipitation bands provides the same type of
information about antibody amount as the double immunodiffusion method.
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• The confirmatory HIV test employs a western blot to detect anti-HIV antibody in a human
serum sample. Proteins from known HIV-infected cells are separated and blotted on a membrane
as above. Then, the serum to be tested is applied in the primary antibody incubation step; free
antibody is washed away, and a secondary anti-human antibody linked to an enzyme signal is
added. The stained bands then indicate the proteins to which the patient's serum contains
antibody.
• A western blot is also used as the definitive test for Bovine spongiform encephalopathy (BSE,
commonly referred to as 'mad cow disease').
• Some forms of Lyme disease testing employ western blotting.
• Western blot can also be used as a confirmatory test for Hepatitis B infection. • In veterinary
medicine, western blot is sometimes used to confirm FIV+ status in cats.
When Should Western Blot Be Used ?
• Western blot assay should not be used as a screening test.
• Wb should be viewed as a supplemental test which can be used to confirm positive results
obtained from enzyme immuno assay (EIA).
• However: – Specificity is less than that of EIA. – A significant number of indeterminate blots
are seen in low risk populations.
Disadvantages
• If a protein is degraded quickly, Western blotting won't detect it well.
• This test takes longer that other existing tests. • It might also be more costly.
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CHAPTER ELEVEN
IMMUNOELECTROPHORESIS
Introduction
Immunoelectrophoresis, also called gamma globulin electrophoresis, or immunoglobulin
electrophoresis, is a method of determining the blood levels of three major immunoglobulins:
immunoglobulin M (IgM), immunoglobulin G (IgG), and immunoglobulin A (IgA).Agarose gels
have a small number of fixed charges, which cause a phenomenon known as electroendosmosis.
EEO causes a slow net flow of water through the gel away from the positive electrode. At a pH
of 8.5, antibodies are nearly uncharged, and their slow electrophoretic migration is nullified by
the EEO flow through the agarose. Most other proteins are highly charged at pH 8.5, and will
migrate through an agarose gel. If antiserum is included in the gel matrix, immuno precipitates
will form, in a pattern dependent upon the antigen concentration. This technique, immunoelectrophoresis, is much faster than immuno-diffusion, and has been applied in a variety of
geometries, to analyze simple or complex samples.
Types of Immunoelectrophoresis
Crossed

immunoelectrophoresis

is

also

called

two-dimensional

quantitative

immunoelectrophoresis ad modum Clarke and Freeman or ad modum Laurell. In this method the
proteins are first separated during the first dimension electrophoresis, then instead of the
diffusion towards the antibodies, the proteins are electrophoresed into an antibody-containing gel
in the second dimension. Immunoprecipitation will take place during the second dimension
electrophorsis and the immunoprecipitates have a characteristic bell-shape, each precipitate
representing one antigen, the position of the precipitate being dependent on the amount of
protein as well as the amount of specific antibody in the gel, so relative quantification can be
performed. The sensitivity and resolving power of crossed immunoelectrophoresis is than that of
the classical immunoelectrophoretic analysis and there are multiple variations of the technique
useful for various purposes. Crossed immunoelectrophoresis has been used for studies of
proteins in biological fluids, particularly human serum, and biological extracts.
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Crossed immunoelectrophoresis of antigens
and antiserum. In the first dimension, proteins
are separated by standard electrophoresis.
The separated proteins are then run into the
second dimension gel at an angle of 90° from
the first dimension. The second dimension gel
contains

antiserum,

generating

an

immunoprecipitate pattern like the one shown.
Rocket immunoelectrophoresis is one-dimensional quantitative immunoelectrophoresis. The
method has been used for quantitation of human serum proteins before automated methods
became available.
"Rocket" Immuno-Electrophoresis
1. Cast a 1% agarose gel, in buffer at pH 8.6 containing typically 1% of the desired
antiserum.
2. Load antigen solutions into wells punched at one end. Run gel with wells closest to the
negativeelectrode.
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3. As the antigen proteins enter the gel, they form a concentration gradient, which at some
point gives the proper concentration for precipitation with the antibody in the gel. The
more concentrated the antigen, the further it must run to be diluted to precipitable levels.
The result is that each sample gives a “Rocket”, the length of which is proportional to the
concentration

of

antigen

in

the

sample.

Precipitates can be stained with Coomassie Blue R-250 and detection limits are generally
sufficient to quantitate 0.1 - 0.2 g/ml of antigen.
Mixtures containing multiple antigen species which cross react with the same antiserum may be
analyzed by running them first on an analytical gel, then cutting a strip from that gel and laying it
in a slit cut into the immuno-electrophoresis gel to form a large well. The result is a pattern
which shows the positions of strongly reacting antigen species.

Fused rocket immunoelectrophoresis is a modification of one-dimensional quantitative
immunoelectrophorsis used for detailed measurement of proteins in fractions from protein
separation experiments.
Affinity immunoelectrophoresisis based on changes in the electrophoretic pattern of proteins
through specific interaction or complex formation with other macromolecules or ligands.
Affinity immunoelectrophoresis has been used for estimation of binding constants, as for
instance with lectins or for characterization of proteins with specific features like glycan content
or ligand binding. Some variants of affinity immunoelectrophoresis are similar to affinity
chromatography by use of immobilized ligands.
The open structure of the immunoprecipitate in the agarose gel will allow additional binding of
radioactively labeled antibodies to reveal specific proteins. This variation has been used for
identification of allergens through reaction with IgE.
Two factors determine that immunoelectrophoretic methods are not widely used. First they are
rather work intensive and require some manual expertise. Second they require rather large
amounts of polyclonal antibodies.
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Today gel electrophoresis followed by electroblotting is the preferred method for protein
characterization because its ease of operation, its high sensitivity, and its low requirement for
specific antibodies. In addition proteins are separated by gel electrophoresis on the basis of their
apparent molecular weight, which is not accomplished by immunoelectrophoresis, but
nevertheless immunoelectrophoretic methods are still useful when non-reducing conditions are
needed.
Precautions
Drugs that may cause increased immunoglobulin levels include therapeutic gamma globulin,
hydralazine, isoniazid, phenytoin (Dilantin), procainamide, oral contraceptives, methadone,
steroids, and tetanus toxoid and antitoxin. The laboratory should be notified if the patient has
received any vaccinations or immunizations in the six months before the test. This is mainly
because prior immunizations lead to the increased immunoglobulin levels resulting in false
positive results.
It should be noted that, because immunoelectrophoresis is not quantitative, it is being replaced by
a procedure called immunofixation, which is more sensitive and easier to interpret.
Description
Serum proteins separate in agar gels under the influence of an electric field into albumin, alpha 1,
alpha 2, and beta and gamma globulins. Immunoelectrophoresis is performed by placing serum
on a slide containing a gel designed specifically for the test. An electric current is then passed
through the gel, and immunoglobulins, which contain an electric charge, migrate through the gel
according to the difference in their individual electric charges. Antiserum is placed alongside the
slide to identify the specific type of immunoglobulin present. The results are used to identify
different disease entities, and to aid in monitoring the course of the disease and the therapeutic
response of the patient with such conditions as immune deficiencies, autoimmune disease,
chronic infections, chronic viral infections, intrauterine fetal infections, multiple myeloma, and
monoclonal gammopathy of undetermined significance.
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There are five classes of antibodies: IgM, IgG, IgA, IgE, and IgD.
IgM is produced upon initial exposure to an antigen. For example, when a person receives the
first tetanus vaccination, antitetanus antibodies of the IgM class are produced 10 to 14 days later.
IgM is abundant in the blood but is not normally present in organs or tissues. IgM is primarily
responsible for ABO blood grouping and rheumatoid factor, yet is involved in the immunologic
reaction to other infections, such as hepatitis. Since IgM does not cross the placenta, an elevation
of this immunoglobulin in the newborn indicates intrauterine infection such as rubella,
cytomegalovirus (CMV) or a sexually transmitted disease (STD).
IgG is the most prevalent type of antibody, comprising approximately 75% of the serum
immunoglobulins. IgG is produced upon subsequent exposure to an antigen. As an example,
after receiving a second tetanus shot, or booster, a person produces IgG antibodies in five to
seven days. IgG is present in both the blood and tissues, and is the only antibody to cross the
placenta from the mother to the fetus. Maternal IgG protects the newborn for the first months of
life, until the infant's immune system produces its own antibodies.

IgA constitutes approximately 15% of the immunoglobulins within the body. Although it is
found to some degree in the blood, it is present primarily in the secretions of the respiratory and
gastrointestinal tract, in saliva, colostrum (the yellowish fluid produced by the breasts during late
pregnancy and the first few days after childbirth), and in tears. IgA plays an important role in
defending the body against invasion of germs through the mucous membrane-lined organs.
IgE is the antibody that causes acute allergic reactions; it is measured to detect allergic
conditions. IgD, which constitutes the smallest portion of the immunoglobulins, is rarely
evaluated or detected, and its function is not well understood.
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Preparation
This test requires a blood sample.
Aftercare
Because this test is ordered when either very low or very high levels of immunoglobulins are
suspected, the patient should be alert for any signs of infection after the test, including fever ,
chills, rash, or skin ulcers. Any bone pain or tenderness should also be immediately reported to
the physician.
Risks
Risks for this test are minimal, but may include slight bleeding from the blood-drawing site,
fainting or feeling lightheaded after venipuncture, or bruising.
Normal results
Reference ranges vary from laboratory to laboratory and depend upon the method used. For
adults, normal values are usually found within the following ranges (1 mg =
approximately.000035 oz. and 1 dL = approximately 0.33 fluid oz.):
•IgM: 60-290 mg/dL
•IgG: 700-1, 800 mg/dL
•IgA: 70-440 mg/dL
Abnormal results
Increased IgM levels can indicate Waldenström's macroglobulinemia , a malignancy caused by
secretion of IgM at high levels by malignant lymphoplasma cells. Increased IgM levels can also
indicate chronic infections, such as hepatitis or mononucleosis and autoimmune diseases, like
rheumatoid arthritis.Decreased IgM levels can be indicative of AIDS, immunosuppression
caused by certain drugs like steroids or dextran, or leukemia.
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Increased levels of IgG can indicate chronic liver disease, autoimmune diseases,
hyperimmunization reactions, or certain chronic infections, such as tuberculosis or
sarcoidosis.Decreased levels of IgG can indicate Wiskott-Aldrich syndrome, a genetic deficiency
caused by inadequate synthesis of IgG and other immunoglobulins. Decreased IgG can also be
seen with AIDS and leukemia.Increased levels of IgA can indicate chronic liver disease, chronic
infections, or inflammatory bowel disease.Decreased levels of IgA can be found in ataxia, a
condition affecting balance and gait, limb or eye movements, speech, and telangiectasia, an
increase in the size and number of the small blood vessels in an area of skin, causing redness.
Decreased IgA levels are also seen in conditions of low blood protein (hypoproteinemia), and
drug immunosuppression.
Antibody
—A protein manufactured by the white blood cells to neutralize an antigen in the body. In some
cases, excessive formation of antibodies leads to illness, allergy, or autoimmune disorders.
Antigen
—A substance that can cause an immune response, resulting in production of an antibody, as part
of the body's defense against infection and disease. Many antigens are foreign proteins not found
naturally in the body, and include germs, toxins, and tissues from another person used in organ
transplantation.
Autoimmune disorder
—A condition in which antibodies are formed against the body's own tissues, for example, in
some forms of arthritis.
—A protein manufactured by the white blood cells to neutralize an antigen in the body. In some
cases, excessive formation of antibodies leads to illness, allergy, or autoimmune disorders.
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Immuno-Electrophoresis / Immuno-Diffusion
Antibodies are produced by the immune system in response to foreign macromolecules. Each
antibody binds specifically to one feature (epitope) on one macromolecule (antigen). This allows
the use of antibodies for the detection and quantitation of specific proteins in complex mixtures.
Antibodies are generally isolated from animal serum, unless they are produced from tissue
culture as monoclonals. The serum must be titrated to determine antibody concentration and
specificity. Concentration determinations are often needed for antigen mixtures as well.
Immunodiffusion and immunoelectrophoresis are useful techniques for these purposes.If
antibody and antigen are present in solution at approximately equal concentrations, they form an
aggregate, which precipitates. This precipitate can be dissolved by the addition of an excess of
antibody or of antigen (see figure below).
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When

present

at

approximately

equal

concentration, antigen and antibody will
precipitate as an aggregate. The figure above
illustrates

a

principle

underlying

the

usefulness of immunodiffusion, that with shifts
in antibody concentration, a corresponding
shift in the region of precipitation will occur.

In a gel matrix, if a gradient is established in which antibody concentration decreases linearly in
a given direction while antigen concentration increases in the same direction, a precipitate will
form a band perpendicular to this direction at the point of approximately equal concentration.
This is the basis of both immunodiffusion and immunoelectrophoresis. In both techniques a
gradient of antigen, or of antibody and antigen, establishes a line of precipitate in the gel. The
position of the line is indicative of the concentration of antigen or antibody in the sample, and
may be calibrated against standards. The figures below show different variations of the
immunodiffusion assay.
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Of the common patterns of wells containing antibody antiserum (Ab) and
antigen samples (Ag) used in immunodiffusion, the system of parallel slots
(a) can demonstrate the presence of antigen and roughly estimate
concentration; the three-well pattern (b) can demonstrate the immunological
identity (or not) of two antigen samples; radial immunodiffusion (c)
introduces the capacity for comparitive analysis unavailable with the threewell pattern.
Radial Immuno Diffusion
Melt 1g agarose in 100ml PBS.
1. Spread 1ml of this solution on a glass plate or microscope slide. Allow to dry. This
precoats the slide and allows the gel poured in the next step to adhere to the slide.
2. Pour enough of the agarosesolution onto the precoated slide to cover it to a depth of 1 - 2
mm. Allow this to cool until gelled.
3. Punch wells in the gel with a 2 - 3 mm punch. The end of a 1ml glass pipette works well.
Place antigen and antibody solutions in adjacent wells and allow plate to diffuse 24 hours. It will
be necessary to run multiple dilutions of sample and antibody to determine optimum
concentrations of each.
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Applications of Immunoelectrophoresis
Immunoelectrophoresis is a powerful analytical technique with high resolving power as it
combines separation of antigens by electrophoresis with immunodiffusion against an antiserum.
The increased resolution is of benefit in the immunological examination of serum proteins.
Immunoelectrophoresis aids in the diagnosis and evaluation of the therapeutic response in many
disease states affecting the immune system. It is usually requested when a different type of
electrophoresis, called a serum protein electrophoresis , has indicated a rise at the
immunoglobulin level. Immunoelectrophoresis is also used frequently to diagnose multiple
myeloma , a disease affecting the bone marrow.
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CHAPTER TWELVE
ISOELECTRIC FOCUSING
Conventional electrophoresis techniques can separate up to 100 different proteins on one run.
Typically, cell or tissue extracts contain thousands of proteins, most of which will not be
resolved into single bands using a separation based on any one parameter, such as size or net
charge. For any one size range, there is a high probability of more than one protein (out of
thousands) falling into this range. Separation on the basis of two parameters, usually size and
isoelectric point, lowers the probability that two proteins will overlap, and allows the resolution
of thousands of protein species on one gel. Such two dimensional separations are carried out by
running a one dimensional gel to separate by the first parameter, and then laying this gel or a
lane cut from it, across the top of the second dimension gel, the first gel serving as the "sample"
for the second. Typically, the second dimension gel is an SDS PAGE gel, because this gives a
direct measurement of a protein's size. The first dimension usually employs isoelectric focusing
(IEP) as the means of separation. IEF gives a measurement of the isoelectric point (pI) of the
protein - the pH at which the protein sample will not migrate in an electric field, the protein's net
charge being zero. A two dimensional gel can give size and pI information on thousands of
proteins in one run.
Proteins carry charged groups on their surface. Each of these functional groups has a pK, which
corresponds to the pH at which half of the members of that group are protonated. Above the pK
that group can be considered fully protonated, below the pK, fully deprotonated. Thus, as the pH
changes, the net charge on a protein's surface will change. At high pH, most proteins will have
many deprotonated surface groups, and will carry a net negative charge. At low pH, with many
protons added to the surface, most proteins have a net positive charge. At some intermediate pH,
different for every protein, the net charge on the protein will be zero. It is important to remember
that this is a net charge - the protein is not uncharged - it carries equal numbers of positive and
negative charges. The pH at which a protein has a net charge of zero is designated its isoelectric
point (pI).
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A protein dissolved in buffer at its pI has no net charge and thus no net electrophoretic mobility.
In isoelectric focusing (IEF) a pH gradient is established along the length of the gel. Proteins
migrate through this gradient until they reach their pI. The gradient is set up so that negatively
charged molecules migrate into a decreasing pH. If a protein is in a region where the pH is above
its pI, it has a negative charge and moves to a lower pH. If it is in a pH below its pI, it has a
positive charge which moves it into higher pH regions. This gives rise to the "focusing" aspect of
IEF, as proteins are continually swept back into tight bands centered on the appropriate pI (see
figure below). IEF is thus an equilibrium electrophoresis system, run until protein movement
ceases.
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Isoelectric focusing employs a
pH gradient extending the
length of an electrophoresis
gel. A protein stops migrating
when it enters the zone in
which the surrounding pH
equals its isoelectric point, pI.
At any other point in the
gradient, the protein acquires
a charge which causes it to
migrate toward its pI (green
and blue arrows).
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Ampholytes
The pH gradient in IEF gels is generated by the inclusion of ampholytes, low molecular weight
amphoteric molecules. A mixture of ampholytes is used, each having a different pI. Like protein
molecules, the ampholytes migrate through the gel until they reach a region where the pH is
equal to their pI. Unlike the proteins, the ampholytes are present in high enough concentration to
change their local pH. The gel is set up with a uniform mixture of ampholytes throughout, and its
anodic and cathodic ends are immersed in dilute acid and base respectively. Ampholytes near the
ends of the gels will be positively charged near the positive electrode, and negatively charged
near the negative electrode. They therefore begin to migrate into the gel, with the most charged
(ie the ones furthest from their pI) moving the fastest. Over time they separate into zones of
defined pH. If the ampholyte system is well designed, a smooth gradient of pH is created, with
no abrupt charges, or "steps." Commercial systems are available in broad range (2 - 12 pH) or
narrow range (extending 2 pH units across the gel).
Various mixtures of amphoteric substances have been used as ampholytes: amino acids, proteins,
and poly acidic poly basic synthetic molecules. Natural amino acids have poor conductivity and
poor buffering capacity in their zwitterionic state, making them poor candidates. Proteins can be
good ampholytes, but they interfere with analysis of the sample, by introducing new proteins into
the mixture. Polycarboxylic acid polyamines are the most commonly used ampholytes. These
molecules have excellent buffering capacity and conductivity across a broad pH range, and are
usually provided in a molecular weight range of 300 - 500, which is small enough to avoid
interference with most subsequent processing. Their sole disadvantage is that they may bind
tightly to the proteins, due to ionic interactions, and can be very difficult to remove.
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Isoelectric Focusing Procedure
IEF is most frequently carried out as the first step in 2-dimensional electrophoresis. The
apparatus best suited to this use of the gels is a "tube gel" system. The gels are cast and run in
glass tubes with an internal diameter matched to the thickness of the second dimension gel.
1.5mm gels are commonly used. After the IEF gel has been run, it is extruded from the tube and
laid across the top of the second dimension gel. This system is assumed in the protocol given
below. IEF gels can also be run as slabs, which allows an increased sample throughput. Slab
IEF gels can be cut into strips for loading onto second dimension gels, if desired.
1. PREPARE THE GELS
a. To formulate gel solution, dissolve 4g urea in 3 ml H2O + 1ml ProtoGel. Warm to
37°C if needed. De-gas for 10 minutes under aspiration.
b. Add 150µl NP-40 detergent and 0.4ml ampholytes, mix and filter through a
0.22m filter.
c. Add 30µl of 10% Ammonium Persulfate, and 3µl of TEMED. Mix well and place
the solution in a 10ml syringe with a 22ga needle as long as the gel tubes.
Insert the needle into the gel tube until it reaches the bottom, and fill the tube, withdrawing the
needle as the fluid level rises. Use the needle to dislodge any bubbles. Allow the gels to
polymerize for at least 2 hours.
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2. PREPARE THE SAMPLES
a. To each gram of tissue, add 15ml of sample buffer, consisting of the following:


9M Urea



4% NP-40



2% Ampholytes (pH 9-11)



2% Mercaptoethanol pH to >9 with NaOH

b. Homogenize if necessary. Incubate at room temperature for 10 minutes, then
centrifuge for 1 hour at 100,000g. Remove the supernatant without disturbing the
pellet, which contains materials likely to clog the IEF gel.
3. RUN CONDITIONS
a. Fill the lower tank with 0.1% phosphoric acid. Place the gels in the apparatus and
fill the upper tank with 20mM NaOH. Use a syringe to dislodge any bubbles from
inside the gel tubes. Any bubbles in the tubes will distort the electric field and
prevent gels from completely focusing during the run.
b. Samples prepared as above can be loaded by layering onto the tops of the gels.
Run at 500-700V (depending upon the apparatus used) for 16-24 hours. At the
end of the run, mark the top end of each gel with a small amount of bromophenol
blue.
4. POST ELECTROPHORESIS
IEF gels may be coomassie stained, but most often they are loaded onto SDS PAGE gels for
second dimension analysis. Extrude the gels by applying pressure to one end of the tube with a
pipette or syringe, while holding the other end over a vial or tray. Extruded gels may be frozen at
-70°C for later analysis.
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5. LOADING AN IEF GEL ONTO A SECOND DIMENSION SLAB
a. Place the IEF gel in a solution of 20% glycerol, 4% SDS, and 250mM Tris-HCl,
pH 6.8, with 1% mercaptoethanol added just prior to use. Incubate the gel in this
solution for 5-10 minutes.
b. Dissolve 0.1g agarose in 20ml of Tris-Glycine-SDS buffer. Heat until the agarose
is melted.
Overlay the second dimension gel with 1-2 mm of agarose, place the first dimension gel over the
agarose, being careful not to trap any air bubbles. Overlay the gel with another 1-2mm of agarose
solution, and run the second dimension gel.
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CHAPTER THIRTEEN
IMMUNODIFUSSION
Immunodiffusion is a diagnostic test which involves diffusion through a substance such as agar.
Two commonly known forms are Ouchterlony double immunodiffusion and radial
immunodiffusion. Immunodifusion is any technique involving diffusion of antigen or antibody
through a semisolid medium, usually agar or agarose gel, resulting in a precipitin reaction.A
technique for the identification and quantification of any of the immunoglobulins. It is based on
the presence of a visible precipitate that results from an antigen-antibody combination under
certain circumstances. Gel diffusion is a technique that involves evaluation of the precipitin
reaction in a clear gel, seen when an antigen placed in a hole in the agarose diffuses evenly into
the

medium.

An

obvious

ring

forms

where

the

antigen

meets

the

antibody.

Electroimmunodiffusion is a gel diffusion to which an electrical field is applied, accelerating the
reaction. Double gel diffusion is a technique that permits identification of antibodies in mixed
specimens. In an agar plate antigen is placed in one well, antibody in another. Antigen and
antibody diffuse out of their wells. In mixed antigen specimens each antigen-antibody
combination forms a separate line; observation of the location, shape, and thickness of a line
permits identification and quantification of the antibody.
Ouchterlony double immunodiffusion
Principle
Precipitation occurs with most antigens because the antigen is multivalent (i.e. has several
antigenic determinants per molecule to which antibodies can bind). Antibodies have at least two
antigen binding sites (and in the case of Immunoglobulin M there is a multimeric complex with
up to 10 antigen binding sites), thus large aggregates or gel-like lattices of antigen and antibody
are formed. Experimentally, an increasing amount of antigen is added to a constant amount of
antibody in solution.
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Initially at low antigen concentration, all of the antibody is contained in the precipitate. This is
called the antibody-excess zone (i.e. prozone phenomenon). As more antigen is added, the
amount of protein precipitated increases until the antigen/antibody molecules are at an optimal
ratio. This is known as the zone of equivalence or equivalence point. When the amount of
antigen in solution exceeds the amount of antibody, the amount of precipitation will decrease.
This is known as the antigen excess zone.
Ouchterlony double immunodiffusion (also known as agar gelimmunodiffusion or passive
double immunodiffusion) is an immunological technique used in the detection, identification and
quantification of antibodies and antigens, such as immunoglobulins and extractable nuclear
antigens. The technique is named for Örjan Ouchterlony, the Swedish physician who invented
the test in 1948.
A gel plate is cut to form a series of holes ("wells") in the gel. A sample extract of interest (for
example human cells harvested from tonsil tissue) is placed in one well, and sera or purified
antibodies are placed in another well and the plate left for 48 hours to develop. During this time
the antigens in the sample extract and the antibodies each diffuse out of their respective wells.
Where the two diffusion fronts meet, if any of the antibodies recognize any of the antigens, they
will bind to the antigens and form an immune complex. The immune complex precipitates in the
gel to give a thin white line, which is a visual signature of antigen recognition.

The method can be conducted in parallel with multiple wells filled with different antigen
mixtures and multiple wells with different antibodies or mixtures of antibodies, and antigenantibody reactivity can be seen by observing between which wells the precipitate is observed.
When more than one well is used there are many possible outcomes based on the reactivity of the
antigen and antibody selected. The zone of equivalence lines may give a full identity (i.e. a
continuous line), partial identity (i.e. a continuous line with a spur at one end), or a non-identity
(i.e. the two lines cross completely).
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1. Ouchtherlony patterns showing no identity between upper spots

2. Ouchtherlony patterns showing full identity between upper spots

3. Ouchtherlony patterns showing partial identity between upper spots
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Radial immunodiffusion
Antigen diffuses into the agar which contains specific antibody and a ring of precipitate is
formed, the diameter of which is directly proportional to the concentration of the antigen and can
thereby be used to quantitate the amount of antigen. A reverse radial immunodiffusion test, in
which antigen is incorporated in the agar, can be used to quantitate the amount of antibody in a
sample.
Radial immunodiffusion (RID) or Mancini method, Mancini immunodiffusion or single radial
immunodiffusion assay, is an immunodiffusion technique used in immunology to determine the
quantity or concentration of an antigen in a sample. Antibody is incorporated into a medium such
as an agar gel. The antigen is then placed in a well that is punched out of the medium while the
medium is on a microscope slide or in an open container, such as a Petri dish. The slide or
container is then covered or closed to prevent evaporation.
The antigen diffuses radially into the medium, forming a circle of precipitin that marks the
boundary between the antibody and the antigen. The diameter of the circle increases with time as
the antigen diffuses into the medium, reacts with the antibody, and forms insoluble precipitin
complexes. The antigen is quantitated by measuring the diameter of the precipitin circle and
comparing it with the diameters of precipitin circles formed by known quantities or
concentrations of the antigen. Antigen-antibody complexes are small and soluble when in
antigen excess. Therefore, precipitation near the center of the circle is usually less dense than it is
near the circle's outer edge, where antigen is less concentrated. Expansion of the circle reaches
an end point and stops when free antigen is depleted and when antigen and antibody reach
equivalence. However, the clarity and density of the circle's outer edge may continue to increase
after the circle stops expanding. For most antigens, the area and the square of the diameter of the
circle at the circle's end point are directly proportional to the quantity of antigen and are
inversely proportional to the concentration of antibody. Therefore, a graph that compares the
quantities or concentrations of antigen in the original samples with the areas or the squares of the
diameters of the precipitin circles on linear scales will usually be a straight line when all circles
have reached their end points (equivalence method).
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Circles that small quantities of antigen create reach their end points before circles that large
quatinties create. Therefore, if areas or diameters of circles are measured while some, but not all,
circles have stopped expanding, such a graph will be straight in the portion that contains the
smaller quantities or concentrations of antigen and will be curved in the portion that contains the
larger quantities or concentrations.
While circles are still expanding, a graph that compares the quantities or concentrations of the
antigen on a logarithmic scale with the diameters or areas of the circles on a linear scale may be
a straight line (kinetic method). However, circles of the precipitate are smaller and less distinct
during expansion than they are after expansion has ended. Further, temperature affects the rate of
expansion, but does not affect the size of a circle at its end point. In addition, the range of circle
diameters for the same quantities or concentrations of antigen is smaller while some circles are
enlarging than they are after all circles have reached their end points. As the quantity and
concentration of insoluble antigen-antibody complexes at the outer edge of the circle increase
with time, the clarity and density of the circle’s outer edge also increase with time.
Measurements of the sizes of circles and of graphs produced from these measurements are
therefore often more accurate after circles have stopped expanding than they are when circles are
still enlarging. For those reasons, it is often more desirable to take measurements after all circles
have reached their end points than it is to take measurements while some or all circles are still
enlarging. Measurements of large circles are more accurate than are those of small circles. It is
therefore often desirable to adjust the concentration of antibody and the quantity of antigen to
assure that precipitin rings will be large.
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CHAPTER FOURTEEN
RADIOIMMUNOASSAY (RIA)
Radioimmunoassay a sensitive assay method that can be used for the measurement of minute
quantities of specific antibodies or any antigen, such as a hormone or drug, against which
specific antibodies can be raised. An assay for a specific hormone uses antihormone antibody
produced by injecting the human hormone into an animal, such as a rabbit, and hormone that has
been labeled with a radioisotope. These are mixed with the assay specimen and the antigen
(hormone) bound to antibody is separated from the unbound antigen by chromatography or other
means. Because any hormone in the assay specimen competes with the radiolabeled hormone for
antibody binding sites, the amount of hormone in the specimen is inversely proportional to the
radioactivity of the bound fraction or directly proportional to the activity of the free fraction.
This is the standard method for clinical laboratory measurements of hormones and is also used
for therapeutic drug monitoring, drug abuse screening, and other laboratory tests.
As an example of how this technique works, let's apply it to insulin. To measure insulin, the first
step is to mix known amounts of radioisotope-tagged insulin and antibodies. These combine
chemically. Next, a small amount of the patient's blood is added. The insulin contained in the
blood displaces some of the tagged insulin. The free-tagged insulin is then measured with isotope
detectors and the patient's insulin level is calculated.
Labels In Immunoassays : Immunoassays require the use of labeled materials in order to
measure the amount of antigen or antibody present. A label is a molecule that will react as part of
the assay, and in doing so produce a signal that can be measured in the solution. Examples of a
label include a radioactive compound, or an enzyme that causes a change of color in a solution or
its fluorescence .

138

Principle : Radioimmunoassay (RIA) involves the separation of a protein (from a mixture)
using the specificity of antibody - antigen binding and quantitation using radioactivity.
Radioimmunoass ay (RIAs) utilize a radioactive label (usually 125I, 3H or 14C), which emits
radiation that can be measured with a beta or gamma counter.
The Technique ; A mixture is prepared of radioactive antigen . Because of the ease with which
iodine atoms can be introduced into tyrosine residues in a protein, the radioactive isotopes 125I
or 131I are often used. The antibodies react against that antigen. Known amounts of unlabeled
("cold") antigen are added to samples of the mixture. These compete for the binding sites of the
antibodies.At increasing concentrations of unlabeled antigen, an increasing amount of
radioactive antigen is displaced from the antibody molecules. The antibody-bound antigen is
separated from the free antigen in the supernatant fluid, and the radioactivity of each is
measured.
The technique of radioimmunoassay has revolutionized research and clinical practice in many
areas, e.g.,


blood banking



diagnosis of allergies



endocrinology

The technique was introduced in 1960 by Berson and Yalow as an assay for the concentration of
insulin in plasma. It represented the first time that hormone levels in the blood could be detected
by an in vitro assay.
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The Technique


A mixture is prepared of
o

radioactive antigen


Because of the ease with which iodine atoms can be introduced into
tyrosine residues in a protein, the radioactive isotopes125I or

131

I are often

used.
o


antibodies ("First" antibody) against that antigen.

Known amounts of unlabeled ("cold") antigen are added to samples of the mixture. These
compete for the binding sites of the antibodies.



At increasing concentrations of unlabeled antigen, an increasing amount of radioactive
antigen is displaced from the antibody molecules.



The antibody-bound antigen is separated (see below) from the free antigen in the
supernatant fluid, and



the radioactivity of each is measured.



From these data, a standard binding curve, like this one shown in red, can be drawn.



The samples to be assayed (the unknowns) are run in parallel.
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After determining the ratio of bound to free antigen ("cpm Bound/cpm Free") in each
unknown, the antigen concentrations can be read directly from the standard curve (as
shown above).

Separating Bound from Free Antigen
There are several ways of doing this.


Precipitate the antigen-antibody complexes by adding a "second" antibody directed
against the first. For example, if a rabbit IgG is used to bind the antigen, the complex can
be precipitated by adding an antirabbit-IgG antiserum (e.g., raised by immunizing a goat
with rabbit IgG). This is the method shown in the diagram above.



The antigen-specific antibodies can be coupled to the inner walls of a test tube [View
another example]. After incubation,



o

the contents ("free") are removed;

o

the tube is washed ("bound"), and

o

the radioactive of both is measured.

The antigen-specific antibodies can be coupled to particles, like Sephadex. Centrifugation
of the reaction mixture separates
o

the bound counts (in the pellet) from

o

the free counts in the supernatant fluid.

Radioimmunoassay is widely-used because of its great sensitivity.
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Application of Radioimmunoassay (RIA )
The technique of radioimmunoassay has revolutionized research and clinical practice in many
areas, e.g., ◦ blood banking ◦ diagnosis of allergies ◦ endocrinology
RIA has many uses, including narcotics (drug) detection, blood bank screening for the hepatitis
(a highly contagious condition) virus, early cancer detection, measurement of growth hormone
levels, tracking of the leukemia virus, diagnosis and treatment of peptic ulcers, and research with
brain chemicals called neurotransmitters.
1. Evaluation of LH (Luteinizing hormone , determining the time of ovulation)
2. Evaluation of TSH, T3 and T4 (for thyroid function) ◦ Hormones (e.g., anabolic steroids,
HGH) that may have been used illicitly by athletes.
3. Detecting infections ◦ sexually-transmitted agents ◦ like HIV, syphilis, and chlamydia ◦
hepatitis B and C ◦ Toxoplasma gondii
4. Detecting allergens in food and house dust . RAST: The radioallergosorbent test to detect
specific IgE antibodies to suspected or known allergens . IgE is the antibody associated
with type I allergic response : Pollen (is a fine to coarse powder containing the
microgamatophytes of seeds) The amount of radioactivity is proportional to the serum
IgE for the allergen.
5. Measuring "rheumatoid factors" and other auto antibodies in autoimmune diseases like
6. Detecting illicit drugs, e.g., ◦ cocaine ◦ opiates ◦ Δ-9-tetrahydrocannabinol, the active
ingredient in marijuana
7. Detection of drug:
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Isotopes Used In Labeling
Carbon-11 20.3m Brain scans
Chromium- 51 27.8d Blood Volume determination
Cobalt-57 270d Measuring vitamin B12 uptake
Cobalt-60 5.26y Radiation cancer therapy
Gadolinium- 153 242d Determining bone density Gallium-67 78.1 Scan for lung tumors
Iodine-131 8.07d Thyroid therapy Iridium-192 74d Breast cancer therapy
Iron-59 45d Detection of anemia
Phosphorou s-32 14.3d Detection of skin cancer or eye tumors
Plutonium- 238 86y Power for pacemakers
Slenium-75 120d Pancreas scans
Sodium-24 15.0h Locating obstructions in blood flow
Technetium -99 6.0h Imaging of brain, liver, none marrow, kidney, lung or heart
Thallium- 201 73h Detecting heart problems with treadmill stress test
Tritium 12.3y Determining total body water Xenon-133 5.27d Lung imaging
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ADVANTAGES
1. Radioimmunoassay is widely-used because of its great sensitivity.
2. Using antibodies of high affinity, it is possible to detect a few pictograms (10−12 g) of
antigen in the tube.
3. The greater the specificity of the antiserum, the greater the specificity of the assay
4. RIA has become a major tool in the clinical laboratory where it is used to assay .
5. Evaluation of plasma levels of most of our hormones, digitoxin or digoxin in patients
receiving these drugs. certain abused drugs.
6. Determination of Presence of hepatitis B surface antigen (HBsAg) in donated blood.
7. Evaluation of Anti-DNA antibodies in systemic lupus erythematosus (SLE).
8. Screening donated blood for evidence of viral contamination by
9. Determination of HIV-1 and HIV-2 (presence of anti-HIV antibodies)
10. Determination of Hepatitis C (presence of antibodies)
11. Determination of Hepatitis B (testing for both antibodies and a viral antigen)
12. Determination of HCG (as a test for pregnancy)

DRAWBACKS
1. The main drawbacks to radioimmunoassay are the expense and hazards if preparing and
handling the radioactive antigen.
2. Both 125I or 131I emit gamma radiation that requires special counting equipment;
3. The body concentrates iodine atoms — radioactive or not — in the thyroid gland where
they are incorporated in thyroxine (T4).
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CHAPTER FIFTEEN
AGGLUTINATION REACTIONS
Agglutination reactions are used to assess the presence of antibodies in a specimen by mixing it
with particulate antigens.
•Agglutination reactions produce visible aggregates of antibody-antigen complexes when
antibodies or antigens are conjugated to a carrier.
•Carriers used in agglutination methods could be artificial (e.g., latex or charcoal) or biological
(e.g., erythrocytes).
•There are various methods of agglutination reactions that follow the same principle, but they
differ in the elements they employ based on the desired endpoint and the main purpose of the
test.
Agglutination is the visible expression of the aggregation of antigens and antibodies.
Agglutination reactions apply to particulate test antigens that have been conjugated to a carrier.
The carrier could be artificial (such as latex or charcoal particles) or biological (such as red blood
cells). These conjugated particles are reacted with patient serum presumably containing
antibodies. The endpoint of the test is the observation of clumps resulting from that antigenantibody complex formation. The quality of the result is determined by the time of incubation
with the antibody source, amount and avidity of the antigen conjugated to the carrier, and
conditions of the test environment (e.g., pH and protein concentration). Various methods of
agglutination are used in diagnostic immunology and these incude latex agglutination,
flocculation tests, direct bacterial agglutination, and hemagglutination.
In latex agglutination, many antibody molecules are bound to latex beads (particles), which
increases the number of antigen-binding sites. If an antigen is present in a test specimen, it will
bind to the antibody and form visible, cross-linked aggregates. Latex agglutination can also be
performed with the antigen conjugated to the beads for testing the presence of antibodies in a
serum specimen.
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Flocculation tests are designed for antibody detection and are based on the interaction of soluble
antigens with antibodies, producing a precipitate of fine particles that can be seen with the naked
eye.
Direct bacterial agglutination uses whole pathogens as a source of antigen. It measures the
antibody level produced by a host infected with that pathogen. The binding of antibodies to
surface antigens on the bacteria results in visible clumps.
Hemagglutination uses erythrocytes as the biological carriers of bacterial antigens, and purified
polysaccharides or proteins for determining the presence of corresponding antibodies in a
specimen .
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•

The interaction between antibody and a particulate antigen results in visible clumping
called agglutination.
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•

Particulate antigen include:
•

bacteria,

•

white blood cells,

•

red blood cells,

•

latex particles

Antibodies that produce such reactions are called agglutinins

An agglutinin is an antibody that interacts with antigen on the surface of particles such as
erythrocytes, bacteria, or latex particles to cause their agglutination in an aqueous environment
containing electrolyte.

An agglutinogen is an antigen on the surface of particles such as red blood cells that react with
the antibody known as agglutinin to produce agglutination. The most widely known
agglutinogens are those of the ABO and related blood group systems.
Agglutination is the basis for multiple serological reactions including:


blood grouping,



diagnosis of infectious diseases



and noninfectious diseases

Agglutination is a secondary manifestation of antigen–antibody interaction.
As specific antibody crosslinks particulate antigens, aggregates form that become
macroscopically visible and settle out of suspension.
Thus, the agglutination reaction has a sensitivity 10 to 500 times greater than that of the
precipitin test with respect to antibody detection.
Agglutination permits phagocytic cells to engulf invading microorganisms. This is a major role
of agglutinin in the immune reaction.
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•

Agglutination reactions are similar in principle to precipitation reactions; they depend on
the cross linking of polyvalent antigens with the exception that:

•

precipitation reactions involve soluble antigens, while agglutination involves particulate
antigens

•

precipitation reactions represent a phase change, while the agglutination reactions
manifest as clumping of antigen/ antibody complexes.

Advantages of Agglutination Techniques
The agglutination reaction has wide spread use in the clinical laboratory. The reason for the
popularity of agglutination tests is that:


they are simple,



inexpensive,



and reliable.

The visible manifestation of the agglutination reaction eliminates the need for complex
procedures and expensive instrumentation.
Numerous techniques have been described for agglutination tests. These techniques may be
performed using:


slides,



test tubes,



or micotiter plates, depending on the purpose of the test.

However the principle of the agglutination remain the same.
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Qualitative Agglutination Test
Agglutination tests can be used in a qualitative manner to assay for the presence of an
antigen or an antibody.
The antibody is mixed with the particulate antigen and a positive test is indicated by the
agglutination of the particulate antigen.
For example, a patient’s red blood cells can be mixed with antibody to a blood group antigen to
determine a person’s blood type.
In a second example, a patient’s serum is mixed with red blood cells of a known blood type to
assay for the presence of antibodies to that blood type in the patient’s serum. This test can be
done on a slide.

Quantitative Agglutination Test

Agglutination tests can also be used to quantitate the level of antibodies to particulate antigens.
In this test one makes serial dilutions of a sample to be tested for antibody and then adds a fixed
number of red blood cells or bacteria or other such particulate antigen and determines the
maximum dilution, which gives agglutination.
The maximum dilution that gives visible agglutination is called the titer.
The results are reported as the reciprocal of the maximal dilution that gives visible agglutination.
This can be done using a microtiter plate.
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Quantitative Agglutination Test

Determining Antibody titer
Titer is the quantity of a substance required to produce a reaction with a given volume of another
substance.
Antibody titer is the highest dilution of the biological sample that still results in agglutination,
with no agglutination being observed at any higher dilution.
Titer is an approximation of the antibody activity in each unit volume of a serum sample.
The term is used in serological reactions and is determined by preparing serial dilutions of
antibody to which a constant amount of antigen is added.
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Serial dilution of the serum can be performed in a microtiter plate or tubes.
The end point is the highest dilution of antiserum in which a visible reaction with antigen
can be detected.
The titer is expressed as the reciprocal of the serum dilution which defines the endpoint.
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Steps in Agglutination
Sensitization
Agglutination is a two-step process that results in the formation of a stable lattice network. The
first reaction involves antigen-antibody combination through single antigenic determinants on
the particle surface and is often called sensitization.
Lattice formation
The second stage representing the sum of interactions between antibody and multiple antigenic
determinants on a particle, is dependent on environmental conditions and the relative
concentrations of antigen and antibody.
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This represents what occurs during stage 1 of agglutination: Sensitization

Antibody molecules attach to their corresponding Antigenic site (epitope) on the red blood
cell membrane. There is no visible clumping.
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This represents what occurs during stage 2 of agglutination: Lattice Formation

Antibody molecules crosslink
RBCs forming a lattice that results in visible clumping or agglutination.

Factors that Affect Agglutination
The agglutination reaction may be used to identify the antibody or antigen in a patient sample.
When testing for antibody, the antigen concentration is constant for each dilution being tested.
When testing for antigen, the antibody concentration is constant for each dilution being tested.
The assumption is made that antibody in the patient's sample is the unknown parameter.
The particulate antigen with antibodies is affected by several factors, including the following:
Buffer pH
The buffer pH (H+ ion concentration) affects overall charge on the antigens and the antibodies.
The pH should be close to physiological pH to more closely resemble in vivo conditions.
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The relative concentration of Antibody and Antigen
Lattice formation and agglutination occur only when the antigen and antibody are present in the
appropriate concentration, forming a zone of equivalence.
It is important to predetermine the appropriate concentration of antigen that is to be added to the
various dilutions of serum. Only one concentration of antigen is applied in each well and a
dilution of the serum is added to each.
Location and concentration of Antigenic Determinants on the Particle
The location of the antigenic determinants on the particle is a significant factor
Antibodies will not readily detect antigenic determinants buried within the particle.
The concentration of the antigenic determinants is also important as the number of antigenic
determinants increases, the likelihood that cross-bridging of antibodies will occur is much
higher. if too much space exists between the antigenic determinants, agglutination is decreased.
Electrostatic Interactions between Particles
Play an important role in the agglutination reaction,
Antigen and antibody complex formation is based on noncovalent interactions, one of which is
electrostatic interaction.
Electrostatic repulsion between similarly charged antigen particles also plays an important role
when repulsion limits the proximity to which these particles can approach one another.
Electrolyte Concentration
Electrolytes are required for agglutination reaction to occur.
The actual concentration of electrolytes (ionic strength) in the buffer plays an important role in
agglutination of some antigens
at neutral pH high concentration of electrolytes neutralize the negative charges on particles.
electrolytes reduce the electrostatic charges that interfere with lattice formation.
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Antibody Isotype
Secreted IgM is a pentameric molecule and as such it is a more effective agglutinin than IgG.
The pentameric IgM allows more antigens to bind to one antibody molecule,
therefore, cross-linking and hence lattice formation occur more readily. Also, the size of the IgM
antibody compared to that of IgG allows bridging despite the presence of sialic acid on the red
blood cell surface. This is because the maximal potential distance between one Fab region and
another on the pentameric IgM antibody molecule is greater than that for IgG.
As a result, agglutination of red blood cells can proceed in the presence of IgM antibodies that
recognize cell surface antigens.
Temperature
Some antigens bind to antibodies at 37oC, while others bind best at 4oC.Antibodies that exhibit
maximal reactivity with antigen at temp. in the range of 0oC to 10oC are referred as cold
agglutinins. The rate of agglutination increases rapidly from 0 to 30oC. Above that temperature it
is less rapid, and above 56oC the antibody molecules are denatured by heat.

Types of Agglutination
•

Direct agglutination
In this reaction the antigen is an intrinsic component of the particle.
The agglutination test is used to determine whether antibody, specific for the antigen is
present in the biological fluids


serum,



urine



or CSF.
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Direct agglutination tests are used primarily for diagnosis of infectious diseases.
Occurs when the antigenic determinant is inherent to the particle itself. (naturally)
Example 1– Using group A rbc’s to detect anti-A in serum.
Example 2 – Using bacteria (Ag) looking for Ab in serum.
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Indirect or Passive agglutination
Antigen has been affixed or adsorbed to the particle surface. Red blood cells were used as
particles for indirect agglutination, however, their use for indirect agglutination has decreased.
The commercial availability of latex or other inert particles to which antigen is affixed has
replaced RBCs.Indirect agglutination allows testing of organisms that are very pathogenic
without the need to maintain cultures because only the immunologically dominant molecules are
affixed to the particles, not the intact organism.
Latex Agglutination:
Very popular in clinical laboratories.
These tests have been applied to the detection many infectious diseases, and many other
applications are currently available.
The first description was the Rheumatoid Factor
Test proposed by Singer and Plotz in 1956.
Since then, tests to detect


microbial



and viral infections,



autoimmune diseases,



hormones,



drugs



and serum proteins have been developed
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In latex agglutination procedures, an antibody (or antigen) coats the surface of latex particles
(sensitized latex). When a sample containing the specific antigen (or antibody) is mixed with the
milky-appearing sensitized latex, it causes visible agglutination.Latex particles are usually
prepared by emulsion polymerization. Styrene is mixed into a surfactant (sodium dodecyl
sulfate) solution, resulting emulsified in billions of micelles extremely uniform in diameter.
Water-soluble polymerization initiator such as potassium persulfate is added.When the
polymerization is finished, polystyrene chains are arranged into the micelles with the
hydrocarbon part in the center and the terminal sulfate ions on the surface of the sphere, exposed
to the water phase.
The simplest method of attaching proteins to the particles is by passive adsorption.
Latex and proteins are mixed in an appropriate buffer solution, allowed to reach an equilibrium
and washed several times until the latex is free of any residual unadsorbed protein.
Another method is by covalently coupling the molecule to the particle surface.
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CHAPTER SIXTEEN
GEL ELECTROPHORESIS
Electrophoresis is a technique commonly used in the lab to separate charged molecules, like
DNA, according to size.


Gel electrophoresis is a technique commonly used in laboratories to separate charged
molecules like DNA, RNA and proteins according to their size.



Charged molecules move through a gel when an electric current is passed across it.



An electric current is applied across the gel so that one end of the gel has a positive
charge and the other end has a negative charge.



The movement of charged molecules is called migration. Molecules migrate towards the
opposite charge. A molecule with a negative charge will therefore be pulled towards the
positive end (opposites attract!).



The gel consists of a permeable matrix, a bit like a sieve, through which molecules can
travel when an electric current is passed across it.



Smaller molecules migrate through the gel more quickly and therefore travel further than
larger fragments that migrate more slowly and therefore will travel a shorter distance. As
a result the molecules are separated by size.

Gel electrophoresis and DNA


Electrophoresis enables you to distinguish DNA fragments of different lengths.



DNA is negatively charged, therefore, when an electric current is applied to the gel, DNA
will migrate towards the positively charged electrode.



Shorter strands of DNA move more quickly through the gel than longer strands resulting
in the fragments being arranged in order of size.
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The use of dyes, fluorescent tags or radioactive labels enables the DNA on the gel to be
seen after they have been separated. They will appear as bands on the gel.



A DNA marker with fragments of known lengths is usually run through the gel at the
same time as the samples.



By comparing the bands of the DNA samples with those from the DNA marker, you can
work out the approximate length of the DNA fragments in the samples.

How is gel electrophoresis carried out?
Preparing the gel


Agarose gels are typically used to visualise fragments of DNA. The concentration of
agarose used to make the gel depends on the size of the DNA fragments you are working
with.



The higher the agarose concentration, the denser the matrix and vice versa. Smaller
fragments of DNA are separated on higher concentrations of agarose whilst larger
molecules require a lower concentration of agarose.



To make a gel, agarose powder is mixed with an electrophoresis buffer and heated to a
high temperature until all of the agarose powder has melted.



The molten gel is then poured into a gel casting tray and a “comb” is placed at one end to
make wells for the sample to be pipetted into.



Once the gel has cooled and solidified (it will now be opaque rather than clear) the comb
is removed.



Many people now use pre-made gels.
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The gel is then placed into an electrophoresis tank and electrophoresis buffer is poured
into the tank until the surface of the gel is covered. The buffer conducts the electric
current. The type of buffer used depends on the approximate size of the DNA fragments
in the sample.

Preparing the DNA for electrophoresis


A dye is added to the sample of DNA prior to electrophoresis to increase the viscosity of
the sample which will prevent it from floating out of the wells and so that the migration
of the sample through the gel can be seen.



A DNA marker (also known as a size standard or a DNA ladder) is loaded into the first
well of the gel. The fragments in the marker are of a known length so can be used to help
approximate the size of the fragments in the samples.



The prepared DNA samples are then pipetted into the remaining wells of the gel.



When this is done the lid is placed on the electrophoresis tank making sure that the
orientation of the gel and positive and negative electrodes is correct (we want the DNA to
migrate across the gel to the positive end).

Separating the fragments


The electrical current is then turned on so that the negatively charged DNA moves
through the gel towards the positive side of the gel.



Shorter lengths of DNA move faster than longer lengths so move further in the time the
current is run.



The distance the DNA has migrated in the gel can be judged visually by monitoring the
migration of the loading buffer dye.
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The electrical current is left on long enough to ensure that the DNA fragments move far
enough across the gel to separate them, but not so long that they run off the end of the
gel.

Illustration of DNA electrophoresis equipment used to separate DNA fragments by size. A gel
sits within a tank of buffer. The DNA samples are placed in wells at one end of the gel and an
electrical current passed across the gel. The negatively-charged DNA moves towards the postive
electrode. Image credit: Genome Research Limited
Visualising the results


Once the DNA has migrated far enough across the gel, the electrical current is switched
off and the gel is removed from the electrophoresis tank.
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To visualise the DNA, the gel is stained with a fluorescent dye that binds to the DNA,
and is placed on an ultraviolet transilluminator which will show up the stained DNA as
bright bands.



Alternatively the dye can be mixed with the gel before it is poured.



If the gel has run correctly the banding pattern of the DNA marker/size standard will be
visible.



It is then possible to judge the size of the DNA in your sample by imagining a horizontal
line running across from the bands of the DNA marker. You can then estimate the size of
the DNA in the sample by matching them against the closest band in the marker.
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Illustration showing DNA bands separated on a gel. The length of the DNA fragments is
compared to a marker containing fragments of known length.
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CHAPTER SEVENTEEN
IMMUNOHISTOCHEMISTRY
Immunohistochemistry (IHC) combines anatomical, immunological and biochemical
techniques to identify discrete tissue components by the interaction of target antigens
with specific antibodies tagged with a visible label. IHC makes it possible to visualize the
distribution and localization of specific cellular components within cells and in th e proper
tissue context. While there are multiple approaches and permutations in IHC
methodology, all of the steps involved are separated into two groups: sample preparation
and labeling.

Fluorescent IHC detection of cytokeratin 18 in colon carcinoma tissue. Human colon
carcinoma sections were incubated with a biotinylated anti-cytokeratin 18 antibody and
then fluorescently-labeled using Thermo Scientific Pierce Streptavidin-Conjugated
DyLight 633. Thermo Scientific Pierce Hoechst stain was also used to fluorescently label
cell nuclei.
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Applications
IHC is used for disease diagnosis, drug development and biological research. Using specific
tumor markers, physicians use IHC to diagnose a cancer as benign or malignant, determine the
stage and grade of a tumor, and identify the cell type and origin of a metastasis to find the site of
the primary tumor. IHC is also used in drug development to test drug efficacy by detecting either
the activity or the up- or down-regulation of disease targets.
Samples are prepared on individual slides, or multiple samples can be arranged on a single slide
for comparative analysis, such as with tissue microarrays. IHC slides can be processed and
stained manually, while technological advances now provide automation for high-throughput
sample preparation and staining. Samples can be viewed by either light or fluorescence
microscopy, and advances in the last 15 years have improved the ability to capture images,
quantitate multiparametric IHC data and increase the collection of that data through high content
screening.

Sample Preparation
While using the right antibodies to target the correct antigens and amplify the signal is important
for visualization, complete preparation of the sample is critical to maintain cell morphology,
tissue architecture and the antigenicity of target epitopes.
Tissue Collection and Perfusion
Patient or animal biopsies, or whole animal organs, are collected for preservation and IHC
analysis, depending on the requirements of the assay. Tissue must be rapidly preserved to
prevent the breakdown of cellular protein and tissue architecture. Often, the tissue is perfused, or
rinsed of blood, prior to preservation to prevent the detection of hematologic antigens that may
interfere with the detection of target antigens. Tissue perfusion is performed on anesthetized
animals by using a peristaltic pump to exsanguinate the animal and rinse the vasculature with
sterile saline to remove all blood components from the entire animal. The target organ or tissue
can then be collected for IHC.
Tissue Fixation
Fixation chemically crosslinks proteins or reduces protein solubility, which can mask target
antigens during prolonged or improper fixation. Therefore, the right fixation method must be
optimized based on the application and the target antigen to be stained.
The most common fixative is formaldehyde, a semi-reversible, covalent crosslinking reagent that
can be used for perfusion or immersion fixation for any length of time, depending on the level of
fixation required. Other fixatives are available, and their use depends on the antigens that are
being sought.
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Detection of biotinylated GAPDH in colon carcinoma by chromogenic IHC. Fixed and
paraffin-embedded human colon carcinoma sections were incubated with biotinylated
cytokeratin18 antibody (top panel) or blocking buffer alone as a negative control (bottom
panel). The samples were then incubated with Thermo Scientific Pierce Streptavidin PolyHRP Conjugate, and the signal was developed with Thermo Scientific Pierce Metal
Enhanced DAB.
Tissue Embedding
Fixed tissue samples are embedded in paraffin to maintain the natural shape and architecture of
the sample during long-term storage and sectioning for IHC.
Samples too sensitive for either chemical fixation or the solvents used to remove the paraffin are
encased in cryogenic embedding medium and then snap-frozen in liquid nitrogen.
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Sectioning and Mounting
The decision to section tissue is dependent upon the application used; for example, whole mount
IHC, with sample thickness up to 5 mm, does not require sectioning, while small samples for
which multiple staining procedures are needed may require sectioning.
Formalin-fixed, paraffin-embedded tissues are sectioned into slices as thin as 4 to 5μm with a
microtome. These sections are then mounted onto glass slides that are coated with an adhesive.
This adhesive is commonly added by surface-treating glass slides with 3aminopropyltriethoxysilane (APTS) or poly-L-lysine, which both leave amino groups on the
surface of the glass to which the tissue directly couples. Alternatively, slides may be coated with
physical adhesives, including gelatin, egg albumin or Elmer's glue. After mounting, the sections
are dried in an oven or microwave in preparation for deparaffinization.
Frozen sections are cut using a pre-cooled cryostat and mounted to adhesive glass slides. These
sections are often dried overnight at room temperature and fixed by immersion in pre-cooled (20°C) acetone, although the drying step is sometimes skipped depending on the target antigens
and tissue used.
Epitope (Antigen) Recovery
The paraffin from formalin-fixed, paraffin-embedded sections must be completely removed for
the antibodies to reach the target antigens. Xylene, a flammable, toxic and volatile organic
solvent is commonly used to remove the paraffin from IHC slides, although commercial
alternatives are available.
Formaldehyde fixation generates methylene bridges that crosslink proteins in tissue samples;
these bridges can mask antigen presentation and prevent antibody binding. Formalin-fixed,
paraffin-embedded sections commonly require a treatment to unmask the antibody epitopes,
either by heat (heat-induced epitope retrieval; HIER) or enzymatic degradation (proteolyticinduced epitope retrieval; PIER).
Quenching/Blocking Endogenous Target Activity
For staining approaches that depend on biotin, peroxidases or phosphatases for the amplification
or enzymatic detection of target antigens, quenching or masking endogenous forms of these
proteins prevents false positive and high background detection. The general strategies include
physically blocking or chemically inhibiting all endogenous biotin or enzyme activity,
respectively.
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Blocking Nonspecific Sites
Although antibodies show preferential avidity for specific epitopes, antibodies may partially or
weakly bind to sites on nonspecific proteins (also called reactive sites) that are similar to the
cognate binding sites on the target antigen. In the context of antibody-mediated antigen
detection, nonspecific binding causes high background staining that can mask the detection of
the target antigen. To reduce background staining in IHC, ICC and any other immunostaining
application, the samples are incubated with a buffer that blocks the reactive sites to which the
primary or secondary antibodies may otherwise bind. Common blocking buffers include normal
serum, non-fat dry milk, BSA or gelatin, and commercial blocking buffers with proprietary
formulations are available for greater efficiency.

Sample Labeling
Immunodetection
Detecting the target antigen with antibodies is a multi-step process that requires optimization at
every level to maximize the signal detection.
Both primary and secondary antibodies are diluted into a buffer to help stabilize the antibody,
promote the uniform dissemination throughout the sample and discourage nonspecific binding.
While one diluent may work with one antibody, the same diluent may not work with another
antibody, demonstrating the need for optimization for each antibody.
Rinsing the sample in between antibody applications is critical to remove unbound antibodies
and also to remove antibodies that are weakly bound to nonspecific sites. Rinse buffers are
usually simple solutions of only a few components, but the right components must be considered
to maximize sample washing and minimize interference with the signal detection.
Antibody-mediated antigen detection approaches are separated into direct and indirect methods.
These methods both use antibodies to detect the target antigen, but the selection of the best
method to use depends on the level of target antigen expression and availability and also the
readout desired. Most indirect methods employ the inherent binding affinity of avidin to biotin to
localize a reporter to the target antigen and amplify the signal that is detected.
IHC target antigens are detected through either chromogenic or fluorescent means, and the type
of readout depends on the experimental design. For fluorescent detection, the reporter that the
primary or secondary antibody is conjugated to is a fluorophore that is detected by fluorescent
microscopy. Chromogenic detection is based on the activites of enzymes, most often horseradish
peroxidase (HRP) or alkaline phosphatase (AP), which form colored, insoluble precipitates upon
the addition of substrate, such as DAB and NBT/BCIP, respectively.
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β-Galactosidase Staining
Instead of using antibodies to detect the target antigen, β-galactosidase can be identified in tissue
samples by employing the inherent enzymatic activity of the protein. β-galactosidase catalyzes 5bromo-4-chloro-3-indoyl-β-D-galactopyranoside (BCIG or X-Gal) to form 5,5'-dibromo-4,4'dichloro-indigo, an insoluble blue enzymatic product. For IHC, frozen sections are incubated
with X-Gal along with an inducer, IPTG, to generate the chromogenic response.
Counterstaining
Counterstains give contrast to the primary stain and can be cell structure-specific. These singlestep stains are usually added after antibody staining.
Sealing the Stained Sample
After all staining is completed, the sample should be preserved for long-term usage and storage
and to prevent enzymatic product solubilization or fluorophore photobleaching. Sealing the
sample by mounting a coverslip with an appropriate mountant stabilizes the tissue sample and
stain. An antifade reagent should also be included if fluorescent detection will be performed to
prolong fluorescence excitation. The coverslip can then be sealed with clear nail polish or a
commercial sealant after the mountant has cured to prevent sample damage.

Sample Visualization
Once the sections are prepared, the samples are viewed by light or fluorescent microscopy.
Depending on the antibody detection method, one can perform confocal microscopy for greater
detail and enhanced imaging capabilities. Additionally, samples can be analyzed by high content
screening for rapid quantitation and comparison of data from multiple samples.
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CHAPTER EIGHTEEN
FLOW CYTOMETRY
Flow cytometry is a laser- or impedance-based, biophysical technology employed in cell
counting, cell sorting, biomarker detection and protein engineering, by suspending cells in a
stream of fluid and passing them by an electronic detection apparatus. It allows simultaneous
multiparametric analysis of the physical and chemical characteristics of up to thousands of
particles per second.
Flow cytometry is routinely used in the diagnosis of health disorders, especially blood cancers,
but has many other applications in basic research, clinical practice and clinical trials. A common
variation is to physically sort particles based on their properties, so as to purify populations of
interest.
Flow cytometer
Modern flow cytometers are able to analyze several thousand particles every second, in "real
time," and can actively separate and isolate particles having specified properties. A flow
cytometer is similar to a microscope, except that, instead of producing an image of the cell, flow
cytometry offers "high-throughput" (for a large number of cells) automated quantification of set
parameters. To analyze solid tissues, a single-cell suspension must first be prepared.
A flow cytometer has five main components:
a flow cell - liquid stream (sheath fluid), which carries and aligns the cells so that they pass
single file through the light beam for sensinga measuring system - commonly used are
measurement of impedance (or conductivity) and optical systems - lamps (mercury, xenon);
high-power water-cooled lasers (argon, krypton, dye laser); low-power air-cooled lasers (argon
(488 nm), red-HeNe (633 nm), green-HeNe, HeCd (UV)); diode lasers (blue, green, red, violet)
resulting in light signalsa detector and Analogue-to-Digital Conversion (ADC) system - which
generates forward-scattered light (FSC) and side-scattered light (SSC) as well as fluorescence
signals from light into electrical signals that can be processed by a computer.
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an amplification system - linear or logarithmic



a computer for analysis of the signals.

The process of collecting data from samples using the flow cytometer is termed 'acquisition'.
Acquisition is mediated by a computer physically connected to the flow cytometer, and the
software which handles the digital interface with the cytometer. The software is capable of
adjusting parameters (e.g., voltage, compensation) for the sample being tested, and also assists in
displaying initial sample information while acquiring sample data to ensure that parameters are
set correctly. Early flow cytometers were, in general, experimental devices, but technological
advances have enabled widespread applications for use in a variety of both clinical and research
purposes. Due to these developments, a considerable market for instrumentation, analysis
software, as well as the reagents used in acquisition such as fluorescently labeled antibodies has
developed.
Modern instruments usually have multiple lasers and fluorescence detectors. The current record
for a commercial instrument is ten lasers and 18 fluorescence detectors. Increasing the number of
lasers and detectors allows for multiple antibody labeling, and can more precisely identify a
target population by their phenotypic markers. Certain instruments can even take digital images
of individual cells, allowing for the analysis of fluorescent signal location within or on the
surface of cells.
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CHAPTER NINETEEN
OTHER IMMUNOCHEMICAL TECHNIQUES
Competitive Protein-Binding Assay
Competitive protein-binding assaya radioimmunoassay in which labeled and unlabeled ligands
compete for sites on a carrier that has the same avidity for both; the concentration of unlabeled
ligand is inversely proportional to the amount of labeled ligand bound.
Hemagglutination assay
Red blood cells are used as carriers to detect antibodies from a patient's serum. The
hemagglutination assay (or haemagglutination assay; HA) and the hemagglutination inhibition
assay (HI or HAI) were developed in 1941–42 by American virologist George Hirst as methods
for quantitating the relative concentration of viruses, bacteria, or antibodies.HA and HI apply the
process of hemagglutination, in which sialic acid receptors on the surface of red blood cells
(RBCs) bind to the hemagglutinin glycoprotein found on the surface of influenza virus (and
several other viruses) and create a network, or lattice structure, of interconnected RBC’s and
virus particles. The agglutinated lattice maintains the RBC’s in a suspended distribution,
typically viewed as a diffuse reddish solution. The formation of the lattice depends on the
concentrations of the virus and RBC’s, and when the relative virus concentration is too low, the
RBC’s are not constrained by the lattice and settle to the bottom of the well. Hemagglutination is
observed in the presence of staphylococci, vibrios, and other bacterial species, similar to the
mechanism viruses use to cause agglutination of erythrocytes. The RBC’s used in HA and HI
assays are typically from chickens, turkeys, horses, guinea pigs, or humans depending on the
selectivity of the targeted virus or bacterium and the associated surface receptors on the RBC.
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Procedure:
A general procedure for HA is as follows, a serial dilution of virus is prepared across the rows in
a U or V- bottom shaped 96-well microtiter plate. The most concentrated sample in the first well
is often diluted to be 1/5x of the stock, and subsequent wells are typically two-fold dilutions
(1/10, 1/20, 1/40, etc.). The final well serves as a negative control with no virus.

Each row of the plate typically has a different virus and the same pattern of dilutions. After serial
dilutions, a standardized concentration of RBCs is added to each well and mixed gently. The
plate is incubated for 30 minutes at room temperature. Following the incubation period, the assay
can be analyzed to distinguish between agglutinated and non-agglutinated wells. The images
across a row will typically progress from agglutinated wells with high virus concentration and a
diffuse reddish appearance to a series of wells with low virus concentrations containing a dark
red pellet, or button, in the center of the well. The low concentration wells appear nearly
identical to the no-virus negative control well. The button appearance occurs because the RBC’s
are not held in the agglutinated lattice structure and settle into the low point of the U or V-bottom
well. The transition from agglutinated to non-agglutinated wells occurs distinctively, within 1 to
2 wells.
The relative concentration, or titer, of the virus sample is based on the well with the last
agglutinated appearance, immediately before a pellet is observed. Relative to the initial viral
stock concentration, the virus concentration in this well will be some dilution of the stock, for
example, 1/40-fold. The titer value of that sample is the inverse of the dilution, i.e., 40. In some
cases, the virus is initially so dilute that agglutinated wells are never observed. In that case, the
titer of these samples is commonly assigned as 5, indicating the highest possible concentration,
but the accuracy of that value is clearly low. Alternatively, if the relative concentration of the
virus is extremely high and the wells never transition to a button appearance. The titer value is
then commonly assigned to be the highest dilution, such as 5120.
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HI is closely related to the HA assay, but includes anti-viral antibodies as “inhibitors” to interfere
with the virus-RBC interaction. The goal is to characterize the concentration of antibodies in the
antiserum or other samples containing antibodies. The HI assay is generally performed by
creating a dilution series of antiserum across the rows of a 96-well microtiter plate. Each row
would usually be a different sample. A standardized amount of virus or bacteria is added to each
well, and the mixture is allowed to incubate at room temperature for 30 minutes. The last well in
each row would be a negative control with no virus added. During the incubation, antibodies
bind to the viral particles, and if the concentration and binding affinity of the antibodies are high
enough, the viral particles are effectively blocked from causing hemagglutination. Next, a
standardized amount of RBCs is added to each well and allowed to incubate at room temperature
for an additional 30 minutes. The resulting HI plate images usually progress from nonagglutinated, “button” wells with high antibody concentration to agglutinated, red diffuse wells
with low antibody concentration. The HI titer value is the inverse of the last dilution of serum
that completely inhibited hemagglutination.
The preceding descriptions of the HA and HI processes are generalized, and specific details can
vary depending on the operator and laboratory. For example, serial dilutions across the rows is
described, but some laboratories use an alternate orientation and perform dilutions down the
columns instead. Similarly, the starting dilution, serial dilution factor, incubation times, and
choice of U or V-bottom plate can depend on the specific laboratory.
Advantages
HA and HI have the advantages that the assays are simple, use relatively inexpensive and
available instruments and supplies, and provide results within a few hours. The assays are also
well established in many laboratories around the world, allowing some measure of credibility,
comparison, and standardization
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Limitations of Haemaglutination
Optimal and reliable results require controlling several variables, such as incubation times, red
blood cell concentration, and type of red blood cell. Non-specific factors in the sample can lead
to interference and incorrect titer values. For example, molecules in the sample other than virusspecific antibodies can inhibit agglutination between virus and RBC’s, as well as potentially
blocking antibody from binding to virus. Receptor-destroying enzymes (RDE) are commonly
used to treat samples prior to analysis to prevent non-specific inhibition. Analysis of the HA or
HI results relies on a qualified individual to read the plate and determine the titer values. The
manual interpretation method introduces more opportunities for discrepancies in the assay
because results can be subjective and the agreement between human readers is inconsistent.
Also, there is no digital record of the plate or titer determinations so the initial interpretation is
tedious and commonly done in replicates. The range of potential variables and differences
between expert readers can make comparing inter-laboratory results difficult.
Flocculation
Flocculation, in the field of chemistry, is a process wherein colloids come out of suspension in
the form of floc or flake; either spontaneously or due to the addition of a clarifying agent. The
action differs from precipitation in that, prior to flocculation, colloids are merely suspended in a
liquid and not actually dissolved in a solution. In the flocculated system, there is no formation of
a cake, since all the flocs are in the suspension.
Coagulation and flocculation are important processes in water treatment with coagulation to
destabilize particles through chemical reaction between coagulant and colloids, and flocculation
to transport the destabilized particles that will cause collisions with floc.
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