Immuno review:

Note that essentially I’ve just copied class notes (as usual), and I have been informed that the test will essentially be straight from the class notes.  So read those first.  Also, I skipped lecture 17 (not tested).

Lymphoid tissue

	Central
	Peripheral

	Bone Marrow (B cells), Thymus (T cells)
	Lymph nodes, trap antigen and present it to immune cells (adaptive response), afferent vessel, B cells localized in follicles whereas T cells thru out paracortical area.  Follicles contain germinal centers where B and T cells interact and mature, lymphocytes leave thru the efferent vessel.

Spleen: Red [collects/disposes old RBCs hence color] and white [T which surround the central arteriale, B cells which are coronal] pulp

Specialized LT:  GALT, BALT, MALT, SALT




From pluripotent hematopoietic stem cell

	Common Lymphoid Progenitor
	Common Myeloid Progenitor

	These are the cells which undergo additional maturation in the lymph node:

B cells, T cells, (NK cells).  These are primarily adaptive responses  (except NK)
	Essentially everything else:

*-phil (neutro [phago], baso[?], eosino[anti-parasite]), mast cells[inflam/histamine], macrophages[phago], dendritic [Ag presenter].  These are primarily part of the innate response.


Lymphocytes & Maturation

Naïve = mature, but not yet encountered Ag, circulate in blood ( lymphnode ( get Antigen exposure ( blood/tissue

	Innate
	Adaptive

	First line of defense,  nonspecific, activates adaptive respnse, different mechanisms to defend against infect, often permanent (like skin) or short lived (like inflammation)
	Versatile, delayed (4-7 days)

	Inflammation: recognition of microbial patterns leads to macrophages phago. Bacteria and inducing cytokines and chemokines [which causes the inflam.] and bacteriocidal agents

Alt: complement: plasma proteins which activate proteolysis.  Also generate chemokines

++ blood flow, permeability, leukocyte migration, lymph flow

inflam mediators: prostaglandins, leukotrienes, PAF, TNF-alpha.  Also kinin and coagulation may become involved if bleeding occurs
	

	Activation of antigen presenting cells leads to (
Dendritic cells (DC): found in tissue, capture Ag, present to T cells, failure ( tolerance, recognize patterns and uptake microbes, engulf microbes in macropinoystosis (receptor indep), carry Ag to lymph node, mature into APCs and present to T cells
	

	Pattern recognition molecules for common bacterial Ag:

Mannose receptor

Mannan-binding lectin recognizes properly spaced mannose/fucose residues

LPS/LPS-BP ( CD14 ( toll-like rcpt ( NkkappaB( activation of DC

Inherited in genome
	Receptors are variable, and not necessarily inherited, put together thru VDJ joining, hypervariable somatic regions, able to recognize wide variety of struct, clonal distribution 




Interleukins and other cytokines

	Interleukin/cytokine
	Secreting cell
	Response

	IL-1
	Macrophage
	Inflammation/fever, local cell destruction, incr IL-6 productions, activates lymphocytes, acute phase response

	TNF-alpha
	“”
	Edema, incr lymphocyte attraction/IgG/complement, fever, shock, acute phase response

	IL-6
	“”
	Lymphocyte activation, incr Ab, fever, acute phase response

	IL- 8
	“”
	Chemotactic factor [neutro/basophils, T cells]

	IL-12
	“”
	Activate NK, differentiate CD4 T cell ( Th1 cells


Nature of the acute phase response:  Initiate adaptive response, reduce viral/bacterial replication, incr Ag processing/opsonization, complement system, and phagocytosis

Chemokines  ( chemoattractants

Migration of leukocytes into tissue:

Selectins are weak bonds which allow the leukocyte to roll along the surface (selectin on endothelium, binds sialyl-Lewis); the important for migration part is  LFA 1/2/3 [leukocyte] which bind ICAMs [endo] and allow for crossing into tissue.  Chemoattractants draw the leukocyte to the location of the intrusion

Interleukins are antiviral proteins produced in response to viral response: resists viral replication, ++ MHC class I, activation of NK cells to kill infected cell

NK cells appear early in response: IFN alpha and beta, TNF-alpha, and IL-12 mediate this; the down regulation/modification of MHC class I may be how the NK cell recognizes it 

CD5 B cells recognize bacterial polysaccharides ( response

Adaptive response:

Ag mediated activation of lymphocytes leads to clonal reproduction of Ag specific cells: adaptive response.

· T and B cells need to recognize specific Ag

· Specificity is determined through somatic mutation and VDJ joining.

· Millions of specificities

· Incidentally, this is why things like novel diseases are so dangerous (Bird Flu, etc)

· When Ag binds ( results in clonal reproduction of lymphocyte ( secretion of clonotypic Abs, identical receptor

· Postulates of clonal selection:

· Each lymphocyte has a single type of receptor w/ unique specificity

· If it binds an Ag with the same specificity, it will activate [clonal selection]

· Progeny of the lymphocyte will have the same specificity

· Lymphocytes that are self reacting are eliminated early in development [clonal deletion]

An antigen binds Ab.  Vs an Immunogen which bind BCR/TCR and elicit a response.  Ie a subclass of Ag.  A hapten which interact w/ Ab but does NOT illicit a response

An Ag: interact w/ Ab/TCR.  Epitopes are substructures bind these directly

Ag valence is the # of epitopes on an Ag.

Immunogenecity of Ag.

· Factors intrinsic to the Ag determine: ie chemical nature: proteins are the best immunogens, followed by carbs, then R/DNA.  Composite substances and organic chemicals

· Deg of foreigness:  autologous [autoimmune], syngenuic [from identical individuals], allogenic [transplants], and xenogenic [from different species]

Immunogenicity extrinsic to Ag

· mode of Ag admin: route, dose, # dose, use of adjuvant

· Adjuvant: enhancers of immune response. Ie AlPhosphate, AlOH

· Mode of action: create a site for slow release.  Stims cells involved by costim.

· Genetic backgr

· Prev exposure

· T-indep: stim B cells to make Ab w/o Th help

· TI type I: simultaneously bind BCR and another B cell receptor to costim

· II: repeating epitopes ( crosslinking ( signal

· T-dep: almost always prot.  These req T cells to costim the B cell.  Still binds BCR

Ab: structure

· Constant region: takes 4-5  distinct forms: for IgM/A/G/D/E and their isotypes.  This is also the effector region.  AKA Fc

· Variable region: infinite variety through mutation/joining.  AKA Fab.  The major difference between this domain and the other = extra loop which aids in the binding of Ag

· Two identical hvy and lt chains

· Both have const and var regions

· Combination of hvy and lt var regions ( specificity of rcptr

· Ig domains: globular domains: L chain has 2, H has 4-5.

· Hinge connects H to H.

· BCR are immunoglobulins too.

· Uniqueness/infinite range depends on finite set of genes, occurring in gene segments, and are formed through DNA recombination.  Once a productive rearrangement occurs, further rearrangement is prohibited.

Variability:

· hypervariable sequence in V regions.

· 3 regions: HV1,2,3 AKA CDR1-3.  binds Ag

· Between these are the framework regions: FR1-4; invariate

· Gene segments (VDJ joining): sloppy joining ( diversity; allelic exclusion [only one receptor type ever gets expressed, prevention of other variation],  after  immunization additional somatic hypermutation  ( affinity maturation.  Recall from IMMG:  looping out and deletion of intervening DNA via double strand break in two RSS ( joining of gene segments removal of circular DNA between.  Heptamer followed by 12/23 rule  (length of spacer) followed by nonamer.  7-12/23-9 = RSS (recombination signal seq).  RAG-1/2 genes responsible for cleavage AKA VDJ recombinase.  Opening of hairpin = add P nucl.  N nucl: TdT addition of N nucl only in H chains rearranged.  Not expressed infetus.  Plenty of nonproductive rearrangments.

· Lk chain: V and J; C region is on separate exon and joined via RNA splicing.

· H: V, D, J;  D ( J then V ( DJ. C region encoded on several exons, joined by RNA splicing

Diversity

· affinity maturation

· somatic hypermutaton and antigen selection of high affinity clones: think of it as Darwinian principles at work

· clonal selection for moderate fit

Ig classes: Fc receptors determine function.  ( secondary messengers.  In particular immune functions such as inflammation can be greatly promoted through binding Fc regions.

	IgM
	Complement fixation

Moderate amts

pA1

Switches to D (pA2): RNA splicing.

Secreted or membrane bound (differential RNA splicing)

	IgA
	

	IgD
	Secreted or membrane bound  (differential RNA splicing)

	IgG
	Complement fixation IgG1 and 3

Placental transfer

Bind Staph prot A and Strep prot G: IgG1 and 2  ( formation of immune complex

IgG1 = predominant

	IgE
	Related to allergic hypersensitivity


Switching isotypes via DNA recomb (M(AGE: mage) or RNA recomb (M(D: md)

DNA recomb: deletion looping out mechanisma.  Switch genes: (GATCCT)5-(GGGGT) in front of all genes minus delta (D)

Cytokines affect isotype switching: ex: LPS + IL4 ( gamma1 and epsilon

TGF beta( made by Th and Tc ( Calpha

GammaIFN (Th,c,NK) gamma3,2alpha

Lacking these: immunodeficiency

T cells

TCR: Only recognize Ag when bound to MHC.

Disulfide linked heterodimer: alpha and beta (or gamma-delta: nonspecific for MHC class).  Similar to L and H.  Transmembrane.

Extracelljlar region resemble var and con, Antigen/MHC recognition site.

Both are glycosylated

Hinge like region ( disulfide bridge

Transmembrane region and short cyto tail.  The transmembrance regions are basic amino acid residues w/in the hydrophobic segment.  Alpha has 2, beta has 1.

Most striking difference between this and Ab is the Calpha domain.

T cell maturation:

As we’ll note: TCR recognize peptide w/ MHC

The thymus is the site of differentiation: different functions betw outer and iner, constrained pattern from cortex to medulla.  It is necessary for T cell development.  Provides epithelial stroma and BM derived el’ts.  The thymus diminishes after puberty.

Gene rearrangement: similar to BCR.  Hypervariable CDR3

4 types of const regions (alpha – delta) with the vast majority are combined alpha-beta (95%).  Rearrangement of beta first.  RAG-dep recombination.  D(J then V(DJ.  This is expressed with preTalpha.  The successful rearrangement of beta ( signals via CD3 to trigger further locus rearrangement of alpha.  Alpha are combined V and J.

Note delta is nested within alpha.  Thus mutually exclusive, but beta can still be recombined.

Thymus indep: Vgamma5 (skin) and Vgamma6 (reproductive tract)  Both use Vdelta1.  Both have limited J and D usage.

Junctional diversity: in mature TCRs both N [extra via TdT] and P [palindromic, added via hairpin resolution] nucleotides.  Somatic hypermutation does NOT occur in TCR that have passed thymic selection

Selection in thymus: benefit of max diversity >> expense of low freq of success.

POSITIVE SELECTION (in cortex): TCR that interact with MHC get signals for cell survival, failure to recognize MHC ( loss of function ( no signal for survival [die]  Note that in particular, when the T cell differentiates it will only recognize Ag presented w/ self MHC.  Cells lacking self MHC will not cause a normal rxn.  Further, note that positive selection occurs in the thymus.  Note that HLA-DO in the epithelial cells means that the peptides for selection may be quite broad.  Failure to have MHC class I or II thru genetic mutation or some such leads to failure to develop CD8 /4 respectively.

NEGATIVE SELECTION (in cortico-medulla): Selection against autoreactivity.  In particular if it binds too tightly in the thymus, it is deleted.  This is also known as tolerance.  Any Ag encountered in the thymus is “self”.  We’ve used superantigens to show this experimentally.

Selection balance: the balance betw the two depends on bond strength.

Alloreactivity:  graft intolerance.  Histoincompatibility.   A result of cross reactivity

CD4 or 8 also expressed to enhance binding MHC.

Self: Any Ag to which we are tolerant, including thru negative selection, and Ag that persist and trugger sustained activation (can be extra thymic)

Continued stimulation leads to cell death:  Fas and CD178 (95 and 95L).  Superantigens can cause this response too.  This means stim causes expansion, effector fcn, and death [self limiting rxn]

Pattern of differentiation: order of expression of T cell surface markers (CD).

CD44 (CD25(lowCD44(lose both and preTalpha and beta ( CD4 and 8 (double positive) ( CD3 low and alpha ( CD4 or CD8 and CD3. (single positives)

Single positives migrate out of thymus.

T cell homing:  selectin – mucin and integrin – ICAM; LAD loses integrin ( loss of migration.

Interaction w/ APC: LFA-1 [T-lymphocytes] binds ICAM 1-3 [APC] enhance scanning of complexes on APCs.

Costim molecules in T cell activation: on professional APC, there are costim molecules B7.1 and.2  These bind CD28 on T cells.  CTLA4 is expressed on active T cells, and transduces an inhibitory signal (by B7.1)  This is for dampening.

APCs: DCs [mature after phago pathogen], macrophages [phago], and B cells [nonphago].

Anergy: state of no costim.  ( tolerance.  [common pharm targets]

Differentiated effector cells do not need costim, in addition it gains vascular homing receptors (VLA-4, LFA-1, CD2, and CD44)

	Th1
	Helper

IL-2: Stimulate t cell proliferate

IFN-gamma: Activate macrophages, elevate MHC expression.

CD40L: activates macrophages

TNF-beta: activate macrophages and triggers cell death

Other TNF’s similar

GM-CSF: stim myelopoiesis leading to differentation of macrophages, DC, and granulocytes.

( macrophages: cytotoxic, damage surrounding tissue

Stimulate B cells to secrete IgG.



	Th2
	IL-4: stims B cells

IL-5: likewise, plus eosinophils

	Tc (CTL)
	IFN-gamma: as above.

Transfer of granular contents to target, esp:

Granzyme B  ( caspase cascade [cysteine P1 aspartate]  ( cell death [not self limiting for ovious reasons]

Perforin: homolog of C9, perforates cell membrane, requires loss of nucleus to be effective

CD95L: also cell death (caspase (8)


Tcell and Co-receptor: CD4 and 8 determine effector functions.

CD4: non-polymorphic region of MHC class II; monomer; receptor for HIV virus.  Helper function.

CD8: w/ MHC class I (almost all)  ( cytotoxic

Recruit src family tyrosine kinase Lck.  ( full activation.

MHC I on all nucl cells.  Not on RBC (a weak pt for pathogens such as Plasmodium).  Binding cleft: 8-10 aas.  Peptides generated in cytosol  ( TAP 1 and 2 are ATP dep transporter proteins that move peptides from cyto into ER.  Peptides are usually 8 amino acids long w/ basic residues at cabox terminus

A proteosome degrades cytosolic proteins (subunits LMP2 and 7; expression induced by IFN)  MECLp1 also a subunit but not present in MHC locus.  IFN modifies expression and hence proteosome specificity.

Other molecules stabilize protein-MHC class I binding: calnexin, calreticulain, Erp57, tapasin.

Viruses can block parts of this pathway to be invisible to T-cells.  (This is where NK cells come into play)

Class II: on B cells and macrophages/APCs.  Binding cleft 13+ aas.

Peptides generated by H+ lysosomes and Cathepsins (acidic proteases).

Invariant chain Ii blocks the binding site of MHC stabilizing it.  Aids in translocation to vesicle.  Degraded to CLIP.

HLA-DM: binds empty II stabilizes, release CLIP, fasc binding of other peptides.  Not expressed on surface.  Helps in removal of unstable peptides.

HLA-DO: inhibits DM.  Not regulated by IF-gama. Like TAP molecule

Stable peptide-MHC = effective antigen presentation

MHC locus:

Chromosome 6.  200 genes.

Polymorphism on alpha for MHC I.  Beta2: invariant and on 15.

Polymorphism on both for MHC II

Genes also referred to as HLA.  3 class I alpha.  3 class II alpha and beta.

Also has LMP genes (proteasome: see above) and also TAP.

Viral infections ( IFNs ( incr the ability of the cells to process viral proteins.  Present via MHC.

Other: complement 2, 4, factor B, TNF-alpha, lymphotoxin

MIC (A/B)  ( activate NK, gamma-delta T, and CD8.  kills target cell.  Induced by cellular stress.

HLA-G inhibits NK.  Expressed in fetal derived placental cells

HLA-E similar.

Polymorphism-  more than 200 alleles of MHC.  Most of the individ are heterozygous.  MHC molecules is codominant ( both alleles will generate proteins that expressed.  This leads to haplotype, and explains allogenic rxn even within families.  Exception DRalpha.

Nonself MHC ( allogenic/xenogenic response.

SuperAg: Some bacterial and viral proteins bind to nonpolymorphic regions of MHCII and Vbeta region of TCR.  Each super Ag binds one+ Vbeta.  20-50 Vbeta in an individual.  Stimulates 2-20% of T cells.  Massive production of cytokines ( suppresses adoptive immune response.

Genetic process es generate polymorphism: gene conversion and recombination

Signaling thru lymphocyte receptors.

· ligand binding leads to clustering which leads to signal

· tyrosine kinase on cyto-tail ( trans/auto phosphorylation  ( activates kinase.  Eg KIT and SCF

· coreceptor (CD4 and 8) may bring in kinase component by associating Lck (TCR).  Similiarly BCR bring in Fyn, Lyn, and BLK.

· Protein phosphorylation ( creates binding sites for other molecules to be recruited: esp via SH2 binding domains.  ( further amp via signal pathways

· PLCgamma: intracellular protein has SH2 domain that bind kinases ( brought to activated kinase ( phosphorylates PLC ( PIP2 ( DAG ((PKC) + IP3 (intracell Ca) ( phosphorylation cascade ( TF

· Adapter proteins (like GRb2) bind phosphorylated receptors and attract via SH3 domains

· Small GTP-bp also important.  Especially Ras!  Normally bound to GDP  ( GTP activated.  Inactivates naturally back to GDP.  Activation of MAP-kinases ( TF (AP-1 [c-jun and c-fos])

Ag rcptr structure and signaling path

· BCR: has ITAMs

· TCR: associates w/ CD3 complex (gamma, delta, 2 epsilon, each with 1 ITAM and zeta: 3 ITAMs)

· ITAMs

· BCR associate w/ Fyn,Lyn,BLK 

· TCR: CD4 and 8 associated w/ lck and fyn associate with zeta and epsilon chains

· Src family kinase ( CSK become inactive and CD45, a phosphatase can reverse this action.  The clustering ( autophos  ( resulting in phosph of ITAMS

Coreceptors:

 Signaling amplified thru coreceptors.  This prevents sol Ag alone from getting response  [defense against selfreactive]

CD4 and 8 are coreceptors for TCR [brings in lck]

BCR: CD19,21(CR2),81(TAPA-1).  CR2 binds Cd3 tagged Ag ( clustering of BCR

Syk and Zap-70

Syk-BCR ITAM

Zap-70-TCR ITAM + Lck

Amplification: TF

Ag stimulation leads nucl activation resulting in appropriate response

· DAG + Ca ( PKC ( NfkappaB.

· IP3 + Ca activate calcineurin ( NFAT

· Ras pathway ( MAP kinases ( c-Jun and AP-1 TF

· Vav/Rac ( MAPKK  ->JNK (NFAT

· Cyclosporin A + FK506 inhibit calcineurin ( prevents NFAT.  Used as drugs for prevention of graft rejection

Agonist and antagonist

· enhance or inhibit B and T cell response

Other receptors which use ITAMs

· CD16 on NK/macrophage/neutrophils.  Binds IgG for Ab dep cell-med cytotox.  Uses zeta  and gamma chains

· FcepsilonR1 in mast cells

· KAR w/ DAP12 (zeta homodimer) in NK

· Receptors on MHC triggering these lead to degranulation and lysing

ITIMs inhibit

· example: prevention of mother’s rxn to fetus

· SHIP ( hydrolyzes IP3 and SHIP1.

· Receptors CD22, CTLA4, PIR B, and KIR

Toll receptors:

· LPS on gram negative bacteria ( Toll ( intermediates (MyD88, SIIK, Ikappak, IkappaB) ( NfkappaB ( gene transcription

· Adaptive immunity, pro-inflammation, cell survival, etc.

G-prot receptors:  bind bacterial peptides, inflam mediators, and chemokines signal

Cytokine signaling


JAK  ( STAT  ( nucleus ( gene transcription

Programmed cell death/apoptosis


Fas ( procaspase-8 ( caspase-8 ( CAD ( chewing up DNA and important pro


Bcl-2 promote survival


Bax apoptotic protein (excess ( release of cytochrome c ( cell death)

Lymphocyte survival/development depend on signaling thru Ag receptor:

· T cells: thymic epithelium

· B cells: stromal cells in BM

· Maintenance signal for lymphoid tissue

· Self reactive and cells not getting signal die

Lymphocyte when activated proliferate into effector and memory cells

· activation req’s additional contact

· Naïve B cells req T cells and Ag

· Naïve T cells req DCs and Ag

	BCR and B cells
	TCR and T cells

	Recognize extracellular Ag
	Recognize intracellular

	Two forms: Form I is on surface, Form II is Humoral Ab
	Variety of functions:

CD8+: kills infected cells

CD4+:

  Th1: clear intracellular pathogens

  Th2: activate B cells

	Recognize raw Ag
	Recognizes Ag bound to MHC (I all cells, II APCs), secondary signal B7 on CD28 from DC

	
	Release of cytokines:

 CD8

 CD4 Th1

 CD4 Th2

	
	Downregulated by CTLA-4 and eliminated by AICD


The major pathways for eliminating pathogens is neutralization, opsonization, and complement activation

	Humoral
	Cell mediated response

	Mediated by Ab, 
	Such things as NK


Examples of harmful responses:

  Allergy, graft rejection, autoimmunity;  deficient response: cancers and recurrent infections

B cells:

Development in BM:

CLP ( early ProBcell(late proBcell (PreBcell(Naïve Bcell

VLA-4 – VCAM-1 (Kil-SCF ( IL-7 + receptor (CAMs ( expression IgM

H chain: D( J in early pro-B; V(DJ in late proB; expressed on surface in pre-B in complex w/ surrogate L chain  ( pre-B cell receptor complex

L-chain: V(J in small pre-B.

In mature B cells: co-expression of IgM and D due to RNA splicing.

Immature B cell successfully expresses both H and L chains on surface

Nonlymphoid stromal cells in BM provide necessary interactions for Bcell differentiation. Via CAMS and their ligands.  The stem cells also provide growth factors esp: IL-7

Survival of developing B cells depends on productive H and L chains.  H first, then L.  Each rearrangement: one in three chance.  Failure leads to other rearrangements on second chromosome and delay.  Additional failure leads to cell death.

Recall: RAG-1 and 2  are the endonuclease which catalyze VDJ joining.

TdT adds in V and D junctions: ergo in H chains; not found in fetus.

Loss of RAG ( Ommen’s syndrome

Others: XLA and Btk.

Lymphoid follicles: second essential microenvironment.

Inactivation if responsive to self antigens in BM.  Called clonal deletion AKA negative selection.

B-1: found in peritoneal and pleural cavities precedes B-2.  Also the major source of Ig in serum.  Primarily IgM and has polyspecificity (highly cross-reactive).  Tends to bind common bacterial polysach.  Associated w/ autoimmune.

B-2: much more specificity.

Errors: VDJ or isotype recomb ( chromosomal transloc.

Leukemias and lymphomas

Complement

Functions of complement:

· Opsonization: modification and targeting of pathogens for phago via C’ rcptr (indep of terminal membrane atk)

· Inflam stim: via anaphylatoxins: chemoattractants of phago cells and mast cell degradation

· Direct lysis of pathogens: via complement membrane atk complex.  Limited to gram neg bacteria and some viruses

Protease cascade

  Large fragment Cnb and small Cna.  In general path from C1 ( 9.  C2 is a major exception to both.

Classical (Ab dep)


C1 recog Ab bound to antigens on pathogen surface so it localizes on pathogen


C1 = 6 C1q subunit + C1r and C1s.  C1q binds Ab.  When activated C1r clease C1s which cleave C4 and C2.  (These 3 Complement proteins ( remove sol immune complexes.  Failure leads to glomerulonephritis, vasculitis, and SLE)  C1 fixation depends on Ab concentration on target.  Req’s multiple Fc (Ab).  Excess Ab interferes w/ this.  Binding is Ca++ dep.


C4.  C1s cleaves C4 into C4a and b.  Exposes thioester bond (reactive).  C4b can react w/ amine or HO- groups on pathogen surface or made unreactive in solution.  It is shortlived.


C2.  Binds surface bound C4b.  Bound C2 cleaved by C1  ( active C2a protease.  C4bC2a  is C3 convertase.  Dissassociation removes this activity.  Nucl host cells express DAF,CD55 which causes this reducing activity on host cells.  Self limiting ctrl


C3 convertase.  C3a [anaphylatoxin, chemoattractant for PMN] and b [reactive fragment, thioester bond, coats surface ( opsonization].  Critical step in cascade.  C3 most abundant.  Thus amplifying step.


Membrane attack complex.  C4bC2aC3b = C5 convertase.


C5b binds C6 which binds C7 which binds C8(beta).  C8 alpha causes the binds C9 (multiple) which form a pore lysing the cell.

Alternate (Ab indep)


C1q homologue: MBL recognize Mannans and activate MASP a C1s homolgue.  Innate, Ab-indep pathway

Spontaneous activation of C3( C3i

· binds Factor B.  Cleaved by D ( C3iBb (C3 convertase: stabilized by P)

· In addition bound C3b does the same ( C3bBb (C3 convertase) ( C3bBbC3b (C5 convertase)

Dampening:

· CCP’s and Serpins

· C1inh (serpin)

· DAF, CD55 found on cell surfaces

· Alt C3 convertases antagonized by Factor H.  Presence of sialic acid containing glycoproteins indicates self and vice versa:  thus differential association of H and P

Destruction

· C3b + Factor H ( factor I ( cleaves C3b into inactive iC3b ( C3dg  which binds CR2  ( activation of B cells and follicular DCs

· Factor H eliminate complexes on host cells

· C4BP specific for classical path convertase: antagonizes Ch-C2 interaction  ( disassociates classical C3 convertase

· MCP, CD64 similar.  Also = Measles virus receptor

Resistance

· CD 59 on cell prevents poly-C9 pores

· Likewise for homologous restriction factor (erythrocytes) : Paroxysmal Nocturnal Hemoglobinuria = deficiency

Complement receptors

· CR1/CD35: for C3 opsonized pathogen.  On macrophages/phagocytes.PMN.  On erythrocytes: binds complexes for clearance in liver/spleen.  Acts like C4BP and factor H target C3 for destruction by Factor I

· CR1 and CR2/CD21 on B cells.  Costimulate B cell leads to activation.  Deficiency ( impaired memory B cell.  

· CR3 and 4 are integrins on myeloid cells.  CD11b and c respectively complexed w/ CD18.  Aids in recuiting neutrophils/monocytes.

· CR1 and 3 on macrophages and DCs/  Facilitate pathogen uptake and Ag presentation.

· Anaphylatoxins elicit specific chemotactic and effector responses.  C5a binds serpentine receptor on mast cells leading to degran/histamine release

Disease/Deficiency

· Arthus rxn is the binding of immune complexes to complement. Presence of C3 ( CR1 removal.  Loss of this leads to glomerulonephritic.

· On a smaller scale, Ag excess ( Serum sickness.

· Abundance of free immune complexes in sol ( cascade ( tissue damage: vasculitis and erythema ( SLE.  Deficiency of Factor I  ( C3 depletion ( incr bacterial infection.

· Loss of PI-linked inhib of MAC assembly, esp Homologous Restriction Factor, DAF and CD59, leads to spont episodic lysis of eryth and paroxysmal noct hemoglobinuria

Microbiology

Basics:

Shape: spheres [cocci] and rods [bacilli], other specialized [ie spores]

Gram positive: one membrane, peptidoglycan exposed, capsules

Gram negative: two membranes (additional outer), periplasm betw , LPS and more exposed, peptidoglycans

Peptidoglycans: target for antibiotics

Pili [attachment] and Flagella [motility]

Taxonomy:

Old, but medically important

	
	Gram positive
	Gram negative

	Cocci
	Staph and Strep (low G+C)
	Neisseria

	Rods
	Bacillus, clostridium, listeria (low G+C)
	Enterics, pseudomonas, vibrio, bacteriodes


Intracell parasites: chlam and rickets

Spirochetes

Mycoplasm

Eukaryotes have nucleus w/ membrane

Bact: do not

Archaea: new group, no phospholipids [polyC ethers instead] lack peptidoglycans

Salmonella: >100 ( 1 ( ~4 (# species)

Species and Genus

· discontinuous grouping natural and genetic barriers, and interbreeding

Molecular methods: by G+C content. [25-27%, animals are @ 44 %, malaria @ 15%], Cross hybridization, sequencing, total gene sequences

12-15 major bact. Groups [12 gram neg, 1-2 gram pos]  Maybe more

Bacteria:

Life: grow, propagate

Death: loss of this

VBNC: metabolically active, but not growing/reproducing.  Can change by alterations in environment

Composition: 80% H2O, 20% dry mass

DNA: varies by species

Proteomics: expression of prot

Growth rate: dB/dt = kB where k = ln 2 / tD where tD = doubling time

Phases

1. Lag: metabolizing, prep to grow

2. Log: exponential growth

3. Retardation: decr rate of growth

4. Stationary: plateau, when production of toxins/disease typically occurs.

5. Death: Exponential death

Antisepsis

· Bacteriostatic vs cidal: inhibits growth vs kill

· Sterilize vs Pasteurize: difference in degree (total vs most)

· Aseptic vs septic: sterile vs presence of bacteria

· Disinfection: surface clear

· Antiseptic: kills/prevents growth; oft on surface

· Antibiotic: organic compound of microbial origin that inhibits growth/kills

Determinants of growth: Bacteria vary by species for environmental req’s: temp, pH salinity, O2, variety/conc of nutrients

Mesophiles: all pathogens, thrive at physiological normal, 

Thermophiles: hot temp, eg spores

Psychrophiles: frig

Osmophiles, etc

Multiple hit killing curve: exposure to physical/chemical agent kills in one hit (heat or radiation) or multi hit: gradual inhibition (sometimes UV, toxic metals, EtOH)

Autoclaving: sterilize w/ extreme prejudice

Metabolism:

· Fermentation: glycolytic, alt fates of pyruvate

· Resp: anaerobic and aerobic

Koch’s postulates:

	Organism must always be found associated with disease
	Or evidence that it is present such as Ab

	Organism must not be there in absence of disease
	Excepting for carriers

	Isolated from diseased tissue and grown in host
	Not acceptable in all cases; other data may provide evidence

	When reintroduced causes disease
	Not ethical, use retrospective studies instead or other models.


