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INNATE IMMUNITY
Immunity which is not intrinsically affected by prior contact with antigen, i.e. all 

aspects of immunity not directly mediated by lymphocytes.

Nonspecific – raises similar response against all types of pathogen

Prompt – acts immediately as it does not requires to built

No immunologic memory – does not produce memory cells

Cells  involved – macrophages, dendritic cells, neutrophils, eosinophils etc. 

Molecules involved – antimicrobials (Lysozymes, CRPs, Collectins), Complements, antivirals (Interferons)

Receptors – pattern recognition receptors (TLRs, NLRs), Lectins ctc.

Modes of pathogen killing - by roi, rni and antimicrobials, stomach acidity

Barriers - anatomical (skin, mucous membrane, cilia), inflammatory, physiological (temperature, pH,    chemical -

roi, rni and antimicrobials) and phagocytotic (monocytes, macrophages, dendritic cells,   neutrophils, eosinophils and 

natural killer cells)



Killing by reactive oxygen intermediates

Phagocytosis triggers production of NADPH

Electron passes from NADPH to cytb558

This reduced molecular O2 to superoxide   anion.

Reaction catalysed by this NADPH oxidase, and initiates the 

formation of reactive oxygen intermediates (ROI)

The superoxide anion undergoes conversion to hydrogen 

peroxide under the influence of superoxide dismutase, and 

subsequently to hydroxyl radicals (*OH)

H2O2 and the halogenated compounds are more stable and 

therefore diffuse further, making them toxic to 

microorganisms in the extracellular spaces.



Killing by reactive nitrogen intermediates

Nitric oxide induces formation of inducible NO- synthase (iNOS) within most cells, particularly macrophages

and human neutrophils, thereby generating a powerful antimicrobial system

Whereas the NADPH oxidase is dedicated to the killing of extracellular organisms taken up by phagocytosis

and cornered within the phagocytic vacuole, the NO.

Mechanism can operate against microbes which invade the cytosol; so, it is not surprising that the majority of

nonphagocytic cells which may be infected by viruses and other parasites are endowed with an iNOS

capability.

The mechanism of action may be through degradation of the Fe-S prosthetic groups of certain electron

transport enzymes, depletion of iron and production of toxic -ONO0 radicals.



PHAGOCYTOTIC

BARRIER



INFLAMMATORY BARRIER





Toll-like Receptors



C-reactive protein - An acute phase protein which is able to bind to the surface of microorganisms where it

functions as a stimulator of the classical pathway of complement activation, and as an opsonin for phagocytosis.

Lysozyme - Anti-bacterial enzyme present in phagocytic cell granules, tears and saliva, which digests

peptidoglycans in bacterial cell walls.

Pathogen-associated molecular pattern (PAMP): Molecules such as lipopolysaccharide, peptidoglycan,

lipoteichoic acids and mannans, which are widely expressed by microbial pathogens as repetitive motifs but are not

present on host tissues. They are therefore utilized by the pattern recognition receptors (PRRs) of the immune

system to distinguish pathogens from self antigens.

Pattern recognition receptor (PRR): Receptors on professional antigen-presenting cells and phagocytes which

enable them to recognize pathogen associated molecular patterns (PAMPs).



Antigenic specificity (B and T cell receptors; clonal selection - distinguish antigens even with difference in  single 

amino acid)

Diversity (Variable domains or CDRs of immunoglobulins)

Immunologic memory ( secondary antibodies from memory B and T lymphocytes)

Self/non self recognition (spares self proteins, learns to target foreign antigens)

Types - Cellular (B and T lymphocytes, antigen presenting cells) and Humoral ( secreted antibodies)

ADAPTIVE IMMUNITY
Immunity mediated by lymphocytes and characterized by antigen specificity and 

memory.



Immunological Memory – difference between primary and secondary immune response

Vaccination – generation of immunologic memory for combating deadly diseases



CELLS OF IMMUNE SYSTEM

Helper T Lymphocyte (Th)

A subclass of T-cells which

provide help (in the form of

cytokines and/or cognate

interactions) necessary for the

expression of effector function

by other cells in the immune

system.

Cytotoxic T Lymphocyte (Tc)

T-cells (usually CD8') which

kill target cells following

recognition of foreign peptide-

MHC molecules on the target

cell membrane.



CLONAL SELETION AND B CELL MATURATION

Definition: The selection

and activation by antigen

of a lymphocyte bearing a

complementary receptor,

which then proliferates to

form an expanded clone.
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The affinity maturation of an immune response is achieved by the mechanism of somatic

hypermutation. This mechanism generates nucleotide substitutions within heavy and light chain

variable region genes that can result in amino acid substitutions affecting the affinity of the

antibody combining site.

Immunoglobulin isotype class switching results in the association of different heavy chain

constant region domains with the same variable region domain. Progeny B-lymphocytes switch

from IgM, the first isotype expressed in all primary immune responses, to another heavy chain

class or subclass resulting in populations of antibody molecules that have the same antigen

binding specificities associated with different isotypes such as IgG, IgA, or IgE. The different

isotypes or constant regions of the antibody molecule carry distinct recognition sites for receptors

of a variety of effector systems.

B-CELL MATURARION



B CELL CELL CYCLE



Plasma B cell: Terminally

differentiated B lymphocyte

which actively secretes large

amounts of antibody.





Immunoglobulin structure

Early studies showed the bulk of the antibody activity in serum to

be in the slow electrophoretic fraction termed gamma globulin

(subsequently immunoglobulin).

Antibody molecules have a common structure of four peptide 

chains. This structure consists of two identical light (L) chains and 

two identical heavy (H) chains. Each light chain is bound to a 

heavy chain by a disulfide bond, and by such noncovalent 

interactions as salt linkages, hydrogen bonds, and hydrophobic 

bonds.

To Rodney Porter and Gerald Edelman must go the credit for 

unlocking the secrets of the basic structure of the immunoglobulin 

molecule.

Hinge region, is rich in proline residues and is flexible, giving IgG,

IgD, and IgA segmental flexibility. As a result, the two Fab arms

can assume various angles to each other when antigen is bound.

Hypervariable regions of the VH and VL domains form the

antigen binding site of the antibody molecule. Because the antigen

binding site is complementary to the structure of the epitope, these

areas are now more widely called complementarity determining

regions (CDRs).

The remainder of the VL and VH domains exhibit far less variation;

these stretches are called the framework regions (FRs).

F(ab )2 - Bivalent antigen-binding fragment

obtained following pepsin digestion of

immunoglobulin. Consists of both light chains

and the N-terminal part of both heavy chains

linked by disulfide bonds.

Fc: Crystallizable, non-antigen binding

fragment of an immunoglobulin molecule

obtained following papain digestion. Consists

of the C-terminal portion of both heavy chains



Treatment Result Remark

Papain+Ig two univalent Fab 

(fragment antigen  

binding) fragments 

and the remaining 

fragment had no 

affinity for antigen 

called  Fc (fragment 

crysfullizable).

destroyed 

the 

precipitatin

g power

2 bands in 

gel

Pepsin+Ig F(ab’)2, was 

isolated; it still 

precipitated antigen 

and so retained both 

binding sites, but the 

Fc portion was 

further degraded.

2 bands in 

gel

Proteolytic cleavage



Immunoglobulin G structure

16 disulfide linkages = 12 intrachain + 4 interchain bonds

Light chain types – κ or λ

Heavy chain types –γ, α, δ, ξ and μ



Antigen and antibody binding -



Immunoglobulin classes – IgG, IgD, IgE



Immunoglobulin classes – IgA, IgM

J chain: Amolecule

which forms part of the

structure of pentameric

IgM and dimeric IgA.





Role of IgE in allergy Role of IgA as secretory antibody



B cell receptor (BCR) 

A transmembrane protein complex composed of mIg 

and disulfide-linked heterodimers called Ig-/Igβ

molecules of this heterodimer associates with an mIg 

molecule to form a BCR.



THE IMMUNOGLOBULIN SUPERFAMILY

Ig-/Igβ heterodimer, part of the B-cell receptor

Poly-Ig receptor, which contributes the secretory component to secretory IgA and IgM

T-cell receptor

T-cell accessory proteins, including CD2, CD4, CD8, CD28, and the gamma, delta, and  chains of CD3

Class I and class II MHC molecules  2-microglobulin, an invariant protein associated with class I MHC 

molecules

Various cell-adhesion molecules, including VCAM-1, ICAM-1, ICAM-2, and LFA-3  

Platelet-derived growth factor



PHAGOCYTIC CELLS

Macrophage: Large phagocytic cell, derived from the

blood monocyte, which also functions as an antigen

presenting cell and can mediate ADCC.

Eosinophil: A class of granulocyte, the granules of 

which contain toxic cationic proteins.

Neutrophil: The major circulating phagocytic polymorphonuclear granulocyte.

Enters tissues early in an inflammatory response and is also able to mediate

antibody-dependent cellular cytotoxicity (ADCC).





No immune cells

ANTIGEN PRESENTING CELLS

Cells that present, processed antigenic peptide with the help of MHC class II molecules to the T-cell receptor on

CD4+ T cells, Note, however, that most types of cell are able to present antigenic peptides with MHC class I to

CD8+ T cells, e.g. as occurs with virally infected cells.



MUCOSAL IMMUNITY

Peyer's patches: Part of the gut associated lymphoid tissue (GALT) and found as

distinct lymphoid nodules mainly in the small intestine.

Mucosal-associated lymphoid tissue (MALT): Lymphoid tissue present in the

surface mucosa of the respiratory, gastrointestinal and genitourinary tracts.

Gut-associated lymphoid tissue (GALT): Includes Peyer's patches, appendix,

and solitary lymphoid nodules in the submucosa.



HEMATOPOESIS





Primary Lymphoid Organ

THYMUS, BONE MARROW

The sites at which immunocompetent lymphocytes develop.



THYMUS



Secondary Lymphoid Organs

The qualitatively and quantitatively improved immune response which occurs

upon the second encounter of primed lymphocytes with a given antigen.



The spleen plays a major role in mounting immune responses to antigens 

in the blood stream.

It is a large, ovoid secondary lymphoid organ situated high in the left 

abdominal cavity. 

While lymph nodes are specialized for trapping antigen from local 

tissues, the spleen specializes in filtering blood and trapping blood-borne 

antigens; thus, it can respond to systemic infections. 

Unlike the lymph nodes, the spleen is not supplied by lymphatic vessels. 

Instead, bloodborne antigens and lymphocytes are carried into the spleen 

through the splenic artery.

Spleen





Lymph nodes are the sites where immune

responses are mounted to antigens in lymph.

They are encapsulated beanshaped structures

containing a reticular network packed with

lymphocytes, macrophages, and dendritic cells.

The overall architecture of a lymph node

supports an ideal microenvironment for

lymphocytes to effectively encounter and

respond to trapped antigens.

Lymph nodes



TONSIL





ANTIGENS





Thymus independent antigen type1- Certain antigens, such as bacterial

LPS, at a high enough concentration, have the ability to activate a substantial

proportion of the B-cell polyclonally.

Thymus independent antigen type2-

Thymus dependent antigen (The need for collaboration with T-helper cells)

Many antigens are thymus-dependent in that they provoke little or no antibody

response





ANTIGEN PRESENTATION

To T cell

1. TCR-MHC-II

2. Co-stimulatory signaling



CYTOKINES

These low molecular weight secreted proteins, usually 15-25 kDa

Mediate cell growth, inflammation, immunity, differentiation, migration and repair.

Acts at femtomolar (10-l5 M) concentrations

Short half-life

Act locally in a paracrine or even autocrine fashion

Certain cytokines, including IL-1 and TNF, also exist in membrane forms which can exert

their stimulatory effects without becoming soluble

Combines with small numbers of high affinity cell surface receptors






