Innate immunity
· Innate immunity of invertebrates 
· Innate immunity provides an immediate defense against infection. Cells of innate system recognize and responds to pathogens in a generic way, but, unlike the adaptive immune system, does not confer long-lasting or protective immunity to the host. Nonspecific immune system.
· Binding of an innate immune receptor to a foreign molecule activates internal defenses, enabling responses to a very broad range of pathogens. 

· Found in all animals 

· Innate immunity in invertebrates 

· Insects rely on their exoskeleton as a first line of defense against infection. 

· Composed largely of the polysaccharide chitin, the exoskeleton provides an effective barrier defense against most pathogens. 
· Chitin also lines insect's intestine, where it blocks infection by many pathogens ingested with food. 
· Lysozyme, an enzyme that breaks down bacterial cell walls, further protects the insect's digestive system. 

· Any pathogen that breaches the barrier defenses encounters a number of internal immune defenses.
· Hemocytes travel throughout the body in the hemolymph, the circulatory fluid. 

· They ingest and break down bacteria and other foreign substances through phagocytosis. 

· Also release chemicals that kill pathogens and entrap large parasites. 

· Encounters with pathogens in the hymolymph can cause hemocytes and other cells to secrete antimicrobial peptides, which are short chains of amino acids that circulate throughout the body of the insect and inactivate or kill fungi and bacteria by disrupting their plasma membranes. 

· Immune cells of insects bind to molecules found only on the outer layers of fungi or bacteria. 

· Innate immune responses are distinct for different classes of pathogens. 

· Innate immunity in vertebrates 
· Barrier defenses block the entry of pathogens. 

· They include the skin and the mucous membranes lining the digestive, respiratory, urinary, and reproductive tracts. The mucous membranes produce mucus, a viscous fluid that traps pathogens and other particles. 
· Lysozymes in tears, saliva, and mucous secretions destroys the cell walls of susceptible bacteria as they enter the openings around the eyes or the upper respiratory tract. 

· Microbes that go through the digestive tract must contend with the acidic environment of the stomach, which kills most pathogens. 

· Secretions from oil and sweat glands give human skin a pH ranging from 3 to 5, acidic enough to prevent the growth of many bacteria. 
· Symbiotic bacteria in the digestive tract and vagina outcompetes many other organisms. 

· Many pathogens that get through barrier defenses are engulfed by phagocytic cells that use several types of receptors to detect pathogens. 
· Toll-like receptors can detect a broad range of human pathogens, as well as a variety of other molecules that activate tissue damage, by a process called pattern recognition. These receptors initiate the innate and the adaptive immune response.  

· Types of phagocytic cells:
· Neutrophils, which circulate in the blood, are attracted by signals from infected tissues and then engulf and destroy the infecting pathogens. 

· Move into tissues via diapedesis. 
· Monocytes move into tissues (diapedesis) where they develop into macrophages, which phagocytize cell debris and pathogens. 

· Are also antigen-presenting cells.
· Dendritic cells mainly populate tissues, such as skin, that contact the environment. They stimulate adaptive immunity against pathogens as they encounter and engulf.

· Antigen-presenting cells.
· Eosinofils, often found beneath mucosal surfaces, are important in defending against multicellular invaders. 
· Natural killer cells circulate through the body and detect the abnormal array of surface proteins characteristic of some virus-infected and cancerous cells. 

· They do not engulf cells; instead, they secrete chemicals that lead to cell death. 

· Many cellular innate defenses in vertebrates involve the lymphatic system, a network that distributes lymph throughout the body. 

· Some macrophages reside in lymph nodes. 

· Dendritic cells can migrate to the lymph nodes after interacting with pathogens. Also stimulates adaptive immunity within the lymph nodes. 

· In mammals, pathogen recognition triggers the production and release of a variety of peptides and proteins that attack pathogens or impede their production. 
· Interferons are proteins that provide innate defense by interfering with viral infections. They limit the cell-to-cell spread of viruses in the body. 

· The complement system consists of roughly 30 proteins in blood plasma. 

· These proteins circulate around the blood in an inactive form and are activated by substances on the surfaces of pathogens. 

· Activation leads to lysis of the cells. 

· Functions in the inflammatory response as well as the adaptive defenses. 

· The inflammatory response is the changes brought about by signaling molecules released upon injury or infection. 

· One important inflammatory molecule is histamine, which is stored in densely packed vesicles of mast cells, found in connective tisuse. 

· Histamine released at sites of damage triggers nearby blood vessels to dilate and become more permeable. The dilation causes capillaries to leak fluid into the neighboring tissues, causing localized swelling.
· Complement system helps phagocytes engulf foreign cells and help lyse foreign cells. 
· Phagocytes are attracted to injury by chemical gradients of complement, engulf pathogens and damaged cells. 

· When macrophages and neutrophils are activated, the cells discharge cytokines, signaling molecules that modulate immune responses. 

· Cytokines promote blood flow to the injury site or infection.

· The result in the of the increased blood flow is the accumulation of pus, a fluid rich in white blood cells, dead pathogens, and cell debris from damaged tissue. 
· Fever is a systemic inflammatory response. 

· In response to certain pathogens, substances released by activated macrophages cause the body's thermostat to reset to a higher temperature. 

· Higher temperature is beneficial to help fighting off infections. 
Adaptive immunity players
· Introduction

· In adaptive immunity, molecular recognition relies on a vast arsenal of receptors, each of which recognizes a feature typically found on only a particular part of a particular molecule in a particular pathogen.

· Recognition and response occurs with tremendous specificity. 

· Is activated after the innate immune response and develops more slowly. 

· Receptors provide pathogen-specific recognition 

· The adaptive response relies on T and B cells, which are types of white blood cells called lymphocytes. 

· Lymphocytes originate from stem cells in the bone marrow. 

· Lymphocytes that go to the thymus (an organ above the heart) mature into T cells. 

· Lymphocytes that remain and mature in the bone marrow develop as B cells. 

· Lymphocytes of a third type remain in the blood and become natural killer cells active in innate immunity. 

· Any substance that elicits a B or T cell response is called an antigen. They are typically foreign and are large molecules, either proteins or polysaccharides that protrude from the surface of foreign cells or viruses.

· In adaptive immunity, recognition occurs when a B or T cell binds to an antigen via a protein called an antigen receptor.

· All of the antigen receptors made by a single B or T cell are identical. 

· Each antigen receptor binds to just one part of one molecule from a particular pathogen. 

· The small, accessible portion of an antigen that binds to an antigen receptor is called an epitope. 

· A single antigen usually has several epitopes, each binding to a receptor with different specificity. 

· Each B or T cell displays specificity for a particular epitope, enabling it to respond to any pathogen that produces molecules containing that epitope. 

· The antigen receptors of the B cells can bind to epitopes of intact antigens on pathogens or circulating free in body fluids. 

· Antigen recognition by B cells and Antibodies 

· Each B cell antigen receptor is a Y-shaped molecule consisting of 4 polypeptide chains: two identical heavy chains and two identical light chains, with disulfide bridges linking the chains together. A transmembrane region anchors the receptor. A short tail region at the end of the transmembrane region extends into the cytoplasm. 

· The light and heavy chains each have a constant region, where amino acid sequences vary very little among the receptors. 

· Within the two tips of the Y shape, each chain has a variable region, so named because its amino acid sequence varies extensively from one B cell to another. The combination of the V region makes up the antigen binding site. 

· Binding of a B cell antigen receptor to an antigen is an early step in B cell activation, leading to the formation of cells that secrete a soluble form of the receptor. The secreted protein is called an antibody. 

· Antibodies have the same Y-shaped structure as B cell antigen receptors but are secreted rather than membrane bound. 

· Antibodies bind to intact antigens in the blood and the lymph. 

· Antigen recognition by T cells 

· The T cell antigen receptor consists of two different polypeptide chains, an alpha and beta chain, linked by a disulfide bridge. At the base of the T cell antigen receptor is a transmembrane region that anchors the receptor. At the outer tip of the molecule, the variable regions o the alpha and beta chains together form a single-antigen binding site. The remainder of the molecule is made up of the constant regions. 

· T cells can bind only to fragments of antigens that are displayed, or presented, on the surface of host cells, unlike B cells. 

· The host protein that displays the antigen fragment on the cell surface is called the major histocompatibility complex (MHC) molecule. 

· Recognition of a protein antigens by T cells begin when a pathogen or part of a pathogen either infects or is taken by a host cell. 

· Inside the host cell, enzymes cleave the antigen into smaller peptides and then the antigen fragments bind to the MHC molecules inside the cell. 

· Movement of the MHC molecule and the bound antigen fragment up to the cell surface results in antigen presentation, display of the antigen fragment in an exposed groove of the MHC protein. 

· The appropriate T cell can then bind to the antigen fragment and the MHC molecule. 

· B and T cell development 

· 4 major characteristics of adaptive immunity:

· immense diversity of lymphocytes and receptors, enabling immune system to detect pathogens never encountered 

· adaptive immunity normally has self-tolerance, the lack of reactivity against an animal's own molecules and cells

· cell proliferation triggered by activation greatly increases number of B and T cells specific for the antigen 

· there is a stronger and more rapid response to an antigen encountered previously

· The capacity to generate diversity in B and T cells is built into the structure of Ig genes. 

· A receptor light chain is encoded by three gene segments: a variable (V) segment, a joining (J) segment, and a constant (C) segment. 

· The V and J segments together encode the variable region of the receptor chain while the C segment encodes for the constant region. 

· Assembling a functional Ig gene requires rearranging the DNA. Early in B cell development, an enzyme complex called recombinase links one light-chain V segment to one J segment. This leads to the creation of many different types of short and long chains, and thus many different types of antigen-binding sites. This is called VJ recombination.

· Mutations in VJ recombination can add additional variation. 

· Origin of self-tolerance 

· As lymphocytes mature in the bone marrow or thymus, their antigen receptors are tested for self-reactivity. If this fails the test, they are destroyed by apoptosis. 

· Proliferating of B and T cells

· An antigen is presented to a steady stream of lymphocytes in the lymph nodes until a match is made. 

· Once the match is made, the B or T cell undergoes multiple cell divisions. The daughter cells are clones of the original cell.

· Some of the clones become effector cells, short-lived cells that take effect immediately against the antigen and any pathogens producing that antigens.

· The effector forms of B cells are plasma cells, which secretes antibodies. 

· The effector forms of T cells are helper T cells and cytotoxic T cells. 

· The remaining cells in the clone become memory cells, long-lived cells that can give rise to effector cells if the same antigen is encountered later in the animal's life.

· This whole process is called clonal selection because an encounter with an antigen selects which lymphocyte will divide to produce a clonal population for a particular epitope. 

· Primary vs. secondary immune response 
· Immunological memory is responsible for the long-term protection that a prior infection provides against many diseases. 

· The production of effector cells from a clone of lymphocytes during the first exposure to an antigen is the basis for the primary immune response 

· If an individual is exposed again to the same antigen, the response is faster, of greater magnitude, and more prolonged. This is called the secondary immune response. 
Adaptive immunity mechanism
· Humoral vs. cell-mediated response 

· The humoral immune response occurs in the blood and lymph. In the humoral response, antibodies help neutralize or eliminate toxins in the blood and lymph.

· In the cell-mediated immune response, specialized T cells destroy infected host cells. 

· Helper T cells: A response to nearly all antigens

· A type of T cell called a helper T cell triggers the humoral and cell-mediated immune responses. They secrete signals which help initiate productions of antibodies that neutralize pathogens and activate T cells that will kill the infected cells. Two requirements for helper T cells to activate:

· A foreign molecule must be present that can bind specifically to the antigen receptor of the T cell 

· The antigen must be displayed on the surface of an antigen-presenting cell. 

· Can be a dendritic cell, macrophage, or B cell. 

· Most body cells have class I MHC molecules, but antigen-presenting cells have class I and class II molecules. 

· An accessory protein called CD4 helps the helper T cell bind to the class II MHC molecule. When the helper T cell binds to the antigen-presenting cell cytokines are exchanged. 

· Once the helper T cell has been activated, they produce interleukins to stimulate proliferation of T cells, B cells and macrophages. 

· Cytotoxic T cells
· Cytotoxic T cells use toxic proteins to kill cells infected by viruses or other intracellular pathogens before fully mature. 

· To become active, cytotoxic T cells require signals from helper T cells and interaction with an antigen-presenting cell. 

· The accessory protein CD8 binds to the class I MHC molecule to keep the 2 cells in contact. 

· The cytotoxic T protein kills the host cell by secreting proteins that disrupt membrane integrity and trigger cell death. 

· Activation and function of B cells 

· Activation of B cells involve both helper T cells and proteins on the surface of pathogens. 

· When an antigen first binds to receptors on the surface of a B cell, the cell takes in a few foreign molecules by receptor-mediated endocytosis. 

· The class II MHC protein of the B cell presents an antigen fragment to a helper T cell. The T cell attaches to that antigen. The direct cell-to-cell contact is usually critical to B cell activation. 

· A single activated B cell gives rise to thousands of clones. These clones begin producing and secreting antibodies. 

· Antibody function

· Antibodies do not actually kill pathogens, but by binding to pathogens, they interfere with pathogen activity or mark pathogens in various ways for inactivation or destruction. 
· Neutralization is a process in which antibodies bind to proteins on the surface of a virus and makes it impossible for the virus to infect the cell. 

· In opsonization, antibodies bound to antigens on bacteria do not block infection, but instead present a readily recognized structure for macrophages or neutrophils. 

· Antibodies can also work with proteins of the complement system. 

· Binding of complement protein to an antigen-antibody complex on a foreign cell triggers the generation of a membrane attack complex that forms a pore in the membrane of the cell and causes lysis. 

· Active vs. passive immunity
· Active immunity are the defenses that arise when a pathogen infects the body and prompts a primary or secondary immune response. 
· Passive immunity is when the antibodies in the blood of a pregnant female cross the placenta to her fetus. 

· Newborn infants are protected by passive immunity also by drinking breast milk. Breast milk contains antibodies. 
· Antibiotics are chemicals derived from bacteria or fungi that are harmful to other microorganisms. 
· Vaccines are substances that stimulate the production of memory cells. Inactivated viruses or fragments of viruses, bacteria, or other microorganisms are used as vaccines. Once memory cells have formed, the introduction of a live microorganism will stimulate a swift response by the immune system before any disease can become established. 
