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Molecular Basis of Humoral Immunity: Ab Structure and Fxn
-Innate Immunity is ineffective against viruses!!
Bacteria can evade Innate Immunity    1.Shielding Targets (encapsulation)






       2. Evolution (variation of surface components.

ADAPTIVE IMMUNITY

-Mediated by T and B lymphocytes-carry receptors for specific antigens

-B cells differentiate into Ab (Ig-recognition element) secreting plasma cells.

2 forms of Antibodies    1. Soluble (circulates, scavenges)       2. Membrane bound (receptor for antigen)

Soluble Ig mediation of host defense (detect free antigen)
1.   Neutralization of viruses and bacterial toxins

-Ab prevents bacterial adherence or uncoating (neutralizes usual receptor mediated fxn of antigen)
2.    Opsonization-facilitation of phagocytosis


-Since capsule can evade detection. Ab can coat cell or make capsule more rigid to help the phags.

3.     Complement Activation


Complement: augments phagocytosis, B cell responsiveness, and microbial killing by Ab


(a) enhances opsonization                (b)lysis bacteria

Membrane bound Ig

1. Triggers Lymphocyte Activation (w/ 2nd signal from T cells)

2. Mediates antigen uptake for presentation to reactive T cells
TCR is only surface bound. Not secreted!!! (can detect antigen expressed inside cell )

CLONAL SELECTION 

1. Each lymphocyte has receptor w/ unique binding features generated at random (generator of diversity)

2. Antigen binding triggers clonal expansion (proliferation) and differentiation
3. Cells made by clonal expansion have antigenic specificities identical to parent cell
4. Self-reactive cells are deleted (fail safe mechanism)

ANTIBODIES
-in all vertebrates but not in invertebrates.  Present in serum and body fluids

-Serum: albumin>immunoglubulins>fibrinogen>C1-C4

Immunogen-molecule that elicits an Ab response


1° response = 2-4wks later specific antibodies appear


      Time lag = clonal expansion and differentiation of B cells to plasma cells (Ab secreting)

2° response = more rapid, specific, and intense due to immunologic memory


         -direct result of clonal expansion (higher affinity to antigen)

Different immunogen-again delayed and lower titer primary response (specificity

Structural Organization of Abs


1.Immunoglobulins are a family of related glycoproteins

-each class has distinct structure and function but similar principles

-2 light chains (қ mainly and λ) and distinctive heavy chain  

Five classes of Ab:  IgM,  IgD, IgG, IgA, IgE                           sizes: 1,000,000MW – 150,000MW

Variable region-recognize foreign molecules (“generator of antigen receptor diversity)

Constant region-engage various effector functions to dispose of bound material
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Subunit structure of IgG (most abundant class in serum)

-Y shaped 
-Heavy chains and light chains linked by interchain disulfide bonds.

-Papain ( 2Fab (antigen binding [valence of 1])  +  Fc (crystallizable)

-Pepsin ( F(ab’)2 (valence of 2)  + Fc (degraded)
Primary Structure of IgG

1. B cell tumors provide source of homogenous Ab

-immune response usually activates many B cell clones ( heterogeneous antibodies

-Multiple Myeloma (cancer of Ab secreting cells that crowd out other cells of the marrow)(homogenous Ab


Monoclonal Ab=derived from progeny of single B cell so homogenous sequence.




=highly specific inexhaustible biochemical reagents

Making clones of Ab secreting cells (Monoclonal Ab)
1. Infect animal with antigen.
2. Fuse spleen cells (make Ab) with immortal myeloma cells ( hybridomas

-genetically tag myeloma cells so they won’t grow in specific media
3. Transfer to HAT medium (selects against genetically tagged cells and unfused spleen cells)


-only cells that survive are immortal hybridomas (myeloma fused with Ab producing cells)

4. Select hybridomas that make Ab specific for antigen A (how????)

5. Clone hybridoma
     2. Domain structure of Ig polypeptide chains 

-Amino Terminal of light chains (variability VL)
      Carboxyl terminal (identical for given type of light chain(CL)





  
       VH







      CH

-Antigen binding sites = VH and VL  (highly variable globular domain)
Elbow domain = between variable and constant domains(Flexible (50 degrees flexion
-Hinge = between Fab and Fc (btw CH1 and CH2)(Very Flexible (180 degrees rotation and flexion)

  -has cysteine residues for inter HC dS bonds
-CH2 = complement binding site


CH3 = Fc receptor binding site

Proof  of  Flexibility

1. Immunize rabbit with DNP and isolate anti-DP antibodies

2. React antibodies with divalent ligand and examine by electron microscopy
3. Found cyclic structures with 3, 4, or more sides observed (small Fc projections)
also observed globular domains (VH/VL) (CH1/CL)(CH2/CH3)

Distinguishing features of Ig classes 

Isotype-particular class of Ig chain (different properties are from differences in their heavy chains)


-differences from alternative polyadenylation and splicing
Light chain Isotype-kappa and lambdas

IgG       

–major class of antibody in serum


-4subclasses

 - can be passed across the placenta                                 mice need IgG to respond to carbs

IgM
-pentamer, with no hinge region but extra constant domain

-1st Ab to appear, lowest affinity, fixes complement.

-Not always 10 Ab fragments valency due to steric hindrance (can’t cross placenta.)

-Difference btw IgM and IgG:  (1)extra J (joining chain) [also in IgA]   (2)larger portion of carb (attached to CH3)

-surface IgM is a monomer with a larger heavy chain then in serum
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IgA

-predominant in extravascular secretions (can be passed from mother to child in milk!)
-polymeric (dimmer) but circulates as a monomer

-Difference btw IgA and IgG: (1)J chain 
(2)secretory component  (made by epithelial cells)

-Response depends on route of administration

(a)Sabin-orally-strong IgA response in GI tract
(b)Salk polio vaccine-injected- no IgA in GI tract
IgD-monomer with unknown fxn (may help eliminate self-reactive B cells)

IgE

-low quantities in serum responsible for immediate hypersensitivity (allergic reaction)

-heavy chain bound by receptors on mast cells and basophils

-crosslinking of IgE  to these cells(release of inflammatory mediators (ex: histamine)

Immunoglobulin molecules are themselves antigenic
Istoypic antigenic determinants are shared by all molecules of a given heavy chain class or type of light chain

Isotypic Differences-locus specific differences at chains (between different classes)

-antisera mad by injecting monoclonal human IgM into rabbit

-To render specificity, adsorb with human light chain of same type ???
Allotypic Differences-genetic polymorphisms in DNA (between members of the population)

-antisera made by injecting Ig of one allotype into someone else with a different allotype.

Idiotypic Differences-localized to variable portion of Ab and are unique to a given Ab (generated somatically)

- anti-idiotypic Ab raised by immunizing an animal with a homogenous population of Ig molecules
-anti-idiotypic antisera can inhibit the rxn of the Ab with its antigen by recognizing ABS
Measurements of antigen-antibody Interactions

Antigens (1)immunogenic
(2)react specifically with Ab produced in response

Antigenic Determinant = specific part of the antigen to which the Ab binds

Immunogenicity

Foreignness- regulatory mechanisms prevent response to self antigens and formation of autoantibodies


Size- the bigger, the more immunogenic (<1000MW are nonimmunogenic)


Chemical Complexity-the more complex, the more immunogenic





-make polylysine immunogenic by adding tyrosine or glutamic acid to branches


Genetic Factors-products of the immune response genes at major histocompatibility locus


Mode of Antigen Administration-see above Salk v. Sabin


 
-Adjuvant-vehicle that augments response to an antigen 




     -convert soluble antigens into particulate material (easier to take up by APC)



                  -induce inflammatory response and B-cell proliferation

Multiple antigenic determinants

1. Linear Determinants-continuous stretch of AA acid sequence, Ab binds denatured protein

2. Conformational Det- due to folding, lost by denaturation

3. Neoantigenic Det     - absent in intact protein by created by proteolysis (rare!)

-Some reactivity from moving groups, the farther away, the least activity
-make Ab response to synthetic compound (not selected for in evolution
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Haptens-low MW substances that can elicit specific antibodies after coupling to a carrier (larger protein)


  -Ab specific to complex will react with free hapten in solution


   -determine affinity constants and valences of Ab by simple equilibrium methods

Affinity binding energy and valence (equilibrium dialysis, statured plotting)

Reversible binding of ligand to antibody

Equilibrium constant 

Free ligand conc v. Bound Ligand conc =rectangular hyperbola with asymptote at the total concentration [St]

*At constant [Ab], as ligand increases, [SL] will approach a plateau until Ab is saturated
Standard free NRG           105 -1011 Ka is normal

*10 fold change in affinity corresponds to a free energy change of 1.42kcal/mol

*Few H bonds can generate 1,000 fold increase in Ab affinity!!!

Variability = n(diff) / f(max)                   f(max)=frequency of most common AA

Range from 1-400                                    Real life 1-200

Most variability in hypervariable regions 1,2,3 immunoglobulin fold which contacts the antigen

Affinity maturation-affinity for Ab increases with time as antigen concentration decreases

Somatic hypermutation-fast forward mechanism mutates Ab gene 1000x faster (can be selected for)

Equilibrium Dialysis- antigen can diffuse but not Ab 



          -only free antigen can go across



          -higher concentration on inside (Ab/Ag complex)
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