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1. Match the following scientists with what they contributed to the field of immunology
a. Cotton Mather: Brought variolation for smallpox to America
b. Dana Philpott: NOD1/2 recognize peptidoglycan
c. Michael Heidelberger/Oswald Avery: Antibodies are soluble proteins
d. Gustov Nossal/ Joshua Lederberg: disproved “induced fit” Ab binding theory
e. Thucydides: observe immunity during the Plague of Athens
f. Ilya Mechnikov: Macrophages engulf and kill bacteria
g. Emil von Behring/Kitasato Shibasaboro : Immunization with diphtheria toxin preveted disease	
h. Susumu Tonegawa: Developing B cells rearrange their DNA
i. Hans Buchner: non-immmune sera kills bacteria
j. Niels Jerne: “induced fit” theory of antigen binding
k. Shizuo Akira: RIG-I activates inflammatory response
l. Ruslan Medshitov/ Charles Janeway: TLR4 activates inflammatory response
m. James Gowans: Lymphocyted enter blood via thoracic duct
n. Edward Jenner: Developed cowpox as a vaccine for smallpox
o. Bruce Glick/Robert Goode/Max Cooper:B cells develop in the bursa of Fabricus in chickens
p. Emperor Kangxi: Increased variolation for smallpox in Asia
q. Christiane Nusslein-Volhard: Toll proteins direct fly embryo development 
2. What are the four cardinal properties of inflammation
a. Redness, Swelling, Heat, Pain (Colar, Tumor, Dolor, Rubor)
3. Briefly define each of the following terms
a. Discrimination: the ability to tell self from non-self
b. Diversity: Having a wide array of receptors to recognize a large array of epitopes
c. Specificity: Each receptor bind to one certain epitope
d. Memory: The ability of B(and T) cells to recognize antigen again, after an infection
4. What cells give rise to all myeloid linage cell?
a. Adult hemopeotic stem cells
5. Which granulocytes form extracellular “nets” of DNA+ protein at sites of infection?
a. Neutrophil
6. Name the three types of granulocytes and the two distinguishing features of granulocytes?
a. Basophil, neutrophil, eosinophil
b. Multi-lobed nucleus and granuals in the cytoplasm
7. Natural killer cells have both innate and adaptive properties.  Name one of each:
a. Innate:Can recognize and kill infected cells and tumor cells directly by degranulation
b. Adaptive: proliferate in response to microbes, express limited diversity version of adaptive immune receptors to recognize or broad array of.
8. Name two primary (central ) lymphoid tissues
a. Bone marrow and thymus
9. What is the main function of the lymphatic system 
a. To present antigen on APC to antigen recognizing cells in the lymphocytes to initiate responses
10. A patient presents in the mergency department after a motorcycle crash and requires a splenectomy to stop internal hemorrhaging and prevent blood loss.  After recovery, the patient has recurrent episodes of bacterial infection in his blood.  Why?
a. The red pulp of the spleen cleans the blood and the white pulp serves as a lymph node to the blood.  Because the patient has no spleen APC have nowhere to meet and activate lymphocytes. 
11. You likely observed several cacti on the way to take this test.  Do cacti have an innate immune syetem
a. Yes
12. What are the two main functions of the innate immune system in vertabrates
a. Innate immune system provides first line of protection, and informs the adaptive immune system to respond
i. Recognition results in pro-inflammatory response to activate B/T cells
ii. Type of recognition instructs the appropriate adaptive response
13. What does PAMP stand for
a. Pathogen Associated Molecular Pattern (should be BAMP: Batcterial Associated Molecular Pattern
14. Match each of the following innate recognition receptors groups with their description and/or representative family member
a. Toll like receptor: Diverse family of proteins  that recognize both intracellular and extracellular PAMPS
i. Sea urchins have more then 200 types
b. Lectins: Recognize polysaccharides on free proteins, host cells, or microbes
i. Similar to MBL protein from complement pathway
c. Scavenger Receptors: Recognize extracellular anionic polysaccharides and lipoproteins
i. Provide both innate sensing and host maintenance (RBC cleanup) roles for macrophages
d. RIG-I-Like receptors: Cytosolic sensors for nucleic acids
i. Signal through IPS-1
e. NOD-like Receptor: Can detect changes in intracellular ion concentration
i. Some members make up the “inflammasome”
15. Match each of the following toll like receptors with their ligands and description
a. TLR1/2: Primarily recognizes triacly lipoproteins
b. TLR2/6: Primarily recognizes diacly lipoproteins
c. TLR3: Primarily recognizes dsRNA, signals via TRIF
d. TLR4/MD2: Primarily recognizes LPS, signals via MyD88 or TRIF
e. TLR5: Primarily recognizes flagella
f. TLR7/TLR8: Primarily recognizes ssRNA
g. TLR9: Primarily recognizes CpG motifs in dsDNA
h. TLR10: Unknown ligand, not expressed in mice
i. TLR11/TLR12: Primarily recognizes profiling, not expressed in humans
j. TLR13: Primarily recognizes RNA, not expressed in humans
16. Experimentally why are C3H mice susceptible to bacterial infections but resistant to LPS injections while B6 mice are resistant bacterial infections but sensitive to LPS injection ?
a. C3H nice have a mutant TLR4 that make them resistant to LPS, but unable to control live bacterial infections.
b. B6 mice do not have the mutated TLR 4 so they are able to clear the live infection, but cannot recognize 
17. Name four cytokines that are typically produced in response to TLR recognition of PAMP and one function of each.
a. Tumor Necrosis Factor (TNF): general inflammation, cell recruitment, cell death
b. Interleukin 12 (IL-12): Immune response to extracellular pathogens, inflammation, initiation of adaptive response
c. Type 1 Interferons (IFN): Immune response to intracellular pathogens, poise cells for infection, initiation of adaptive response
d. Interleukin 6 (IL-6): general affects, acts on hypothalamus, increases body temperature 
18. What is the main type of cytokine produced in response to RIG-I-like receptor (RLR) activation?
a. Type 1 Interferon (IFN): makes infected and surrounding cells non-permissive for virus growth 
19. Describe or draw one way in which type 1 interferons make non-infected cells in inflamed tissues “poised” to shut down protein synthesis should inflammation occur:
a. IFN binding to IFN receptor increases expression of Protein Kinase R (PKR) and 2’-5’ oligoadenylate synthetase (OAS)
b. Binding of dsRNA to PKR results in activation, the P’lation and inactivation of elF-2α To shut down protein synthesis
c. Binding of dsRNA to OAS converts ATP to 2’-5’ oligoadenylate which binds and activates RNAseL to destroy both viral and host RNA, shutting down both virus replication and host protein synthesis
d. Both pathways induce apoptosis
20. What two cytokines are produced in response to NOD-like receptor (NLR) activation? What protein cleaves the “pro” version of these to generate the active version?
a. IL-1β and IL-18 are the main cytokines which are potent activators of inflammation
b. Caspase-1 cleave pro-cytokine into active versions that are secreted from the cell

21. Draw the spontaneous complement activation pathway leading to the formation of the membrane attack complex (MAC)






22. What is the role of properdin complement activation
a. Stabilizes C3bBb complex
23. Name one protein that can displace Bb from C3bBb
a. CR1,DAF,MCP, factor H
24. What protein cleaves and inactivates C3b to iC3b?
a. Factor I
25. Name the most potent anaphylatoxin product of the complement casacade?
a. C5a>C3a>C4a
26. Describe two ways in which complement receptor 2 recognition of iC3b on killed bacteria aids induction of B cell responses?
a. Acts as corecptor for initial B cell activation in lymph nodes
b. Bind complement products, activate marcophages and granulocytes, and aid in transport of antigen to lymph nodes
c. Binds to iC3b: favors transport of dead microbial complexes by macrophages to lymph nodes and B cell activation 
27. Tumors are often susceptible to NK recognition, but not T cell recognition. Why?
a. They are not coated in MHC.  Tcells need MHC in order to recognize antigen.
28. Describe or draw how perforins/granzyme pathway leads to target cell cell death.
a. NK cell survey host cells for changes consitant with being hi-jacked by a pathogen
b. Expresses both activating and inhibitory receptors: Inhibitory receptors are dominant over activation receptors and prevent NK killing under normal conditions 
c. During infection, many pathogens usage of ribosomes, etc leads to loss of protein expression and dominance of activation signal and NK killing
d. NK activation receptor binds with activation receptor ligand only (NKG2D/NKG2D ligand)perforins released and forms pore on target cell membranegranzyme B is released into the cellGranzyme B cleaves BID release of cytochrome CCaspase 9 activation effector Caspase activation and apoptosiscaspase 3 activation DNA fragmentation and membrane blebbing
e. NK TRAIL binds with TRAIL-R and CD95L binds with CD95activation of death domainprocaspase8 cleaved into activated caspase8effector Caspase activation and apoptosiscaspase 3 activation DNA fragmentation and membrane blebbing
29. Diagram and label an immunoglobin BCR protein including constant and vaiable domains, CDR regions, heavy and light chains, and disulfide bonds




30. Rodney Porter used β-mercaptoethanol (βME) reduction of disulfide bonds, papain digestion and immunization of goats with antibody Fab and Fc fragments to determine their structure
a. What ratio of IgH and IgL results from disulfide bond reduction?
i. 1:1 heavy to light chain ratio
b. When goats are immunized with rabbit Fab, do elicited goat antibodies recognize rabbit IgH?
i. Yes
c. When goats are immunized with rabbit Fc, do elicited goat antibodies recognize rabbit IgL?
i. No
31. What molecular mechanism accounts for secreted versus membrane bound antibody
a. Alternative splicing of RNA
32. Name two proteins associated with surface IgM that have ITAM on their cytoplasmic tails?
a. Igα and Igβ
33. Name four non covalent interactions that can occure between antibodies and their epitopes?
a. Ionic bonds, van der Waals interactions, hydrogen bonds, hydrophobic  interactions
34. Given the following data, calculate the dissociation constant (KD) for polyclonal sera obtained from a mouse immunized with hen egg lysozyme protein
	[Ab:HEL] M
	[Ab] M
	[HEL] M

	 10-13
	10-8
	10-12

	10.12
	10-8
	10-11

	10-11
	10-8
	10-10

	10-10
	9*10-9
	10-9

	5*10-9
	5*10-9
	10-8


KD===10-8M
35. For monoclonal antibody, which is more predicative of affinity: Kon or Koff?
a. Koff
36. How does IgA made in the bone marrow get transported into gut mucosal sites?
a. The J protein helps transport secreted IgA into gut mucosal sites
37. Describe or draw the process by which monoclonal antibodies are generated
a. Antigen injected into hostone Ab producing B cells are isolated from polyclonal antibodies in serum immortalized myelomas are added to the isolated Ab producing B cells fusion with PEG, limiting dilution immortalized Ab producing hybridoma
38. List five sources of diversity in the generation of an antigen-binding portion of an immunoglobin BCR?
a. Artemis cleavage
b. TdT
c. Exonuclease
d. Addition of nucleoides by repair 
e. VDJ recombination 
39. Explain the 12/23 rule in regards to B cell somatic recombination
a. Only gene segments with 23nt spacer can recombine with gene segments that have a 112nt spacer
40. IgH D-J recombination occurs in 
a. Early pro B cells
b. Late pro B cells
c. Large pre B cells
d. Small pre B cells
41. IgH V-DJ recombination occurs in 
a. Early pro B cells
b. Late pro B cells
c. Large pre B cells
d. Small pre B cells
42. Igκ V-J recombination occurs in 
a. Early pro B cells
b. Late pro B cells
c. Large pre B cells
d. Small pre B cells
43. What are the surrogate light chain proteins that pair with expressed recombined IgH anf IgL rearrangements
a. Vpre B and λ5
44. Before exit from the bone marrow, what process must B cells undergo to ensure they are not self-reactive?
a. Negative selection
45. Name two ways in which antigen can get to the lymph node and which is more important
a. Diffusion
b. On macrophages (more important)
46. What name is given to the endothelial cells that form a lattice of tubes in B and T cell areas of the lymph node? What is their job in B cell activation?
a. Follicular Reticular Networks (FRN)
b. Allow B cells to meet with follicular dendritic cells
47. What is the function of the BLNK protein in B cell activation
a. Activates NFκB
48. Describe or draw how antigen gets to follicular dendritic cells in B cell zones of lymph nodes
a. Ag:iC3b binds to SCS macrophages Follicular B cells steal Ag using higher affinity CR2FDC steal Ag using even higher affinity CR2 FDC presents Ag to B cells
49. Fill in the blanks
a. Ag:iC3b crosslinking of CR2 on B cells results in phosphoinositide 3 kinase (PI3-Kinase)
b. Patients who deficient in CD40 mainly produce IgM Isotype antibodies
c. T independent B cell responses are due to short lived Plasmablasts that form the primary foci
d. Activated B cells that receive CD40 signals migrate to dark zones of germinal centers and differentiate into Centroblasts
e. As cells move from the dark zone to the light zone regions of germinal centers they stop dividing and differentiate into centrocytes
f. CD 4 helper cells that reside within the germinal center to provide survival signals to B cells during affinity maturation are called TFH CD4 T cells
g. Somatic hypermutation occurs in dark zones of the germinal center
h. Selection of higher affinity B cells occurs in light zones of the germinal center
50. Describe or draw how open DNA structures are formed during somatic hypermutation 
a. CD40 signals induce activation induced deaminasehigh transcription of rearranged IgM results in open DNA structures targeted by AIDAID converts C to U repair mechanisms cause mutationsPOL 1
AID




51. Matching.  Mark with an X the proteins that are involved in each of the following process
	Protein
	Somatic Recombination
	Somatic Hypermutation
	Isotype Switching

	Ku70/80
	X
	
	X

	UNG
	
	X
	X

	REV1
	
	X
	

	Artemis
	X
	
	

	AID
	
	X
	X

	MSH2/6
	
	X
	

	TdT
	X
	
	

	APE-1
	
	X
	X

	RAG ½
	X
	
	

	DNA Ligase
	X
	X
	X


52. Describe or draw how TGFβ can influence Isotype switching to IgA
a. TGFβ is produced by T cells in musical lymphoid tissues. TGFβR signals through Smad 2/3 to induce Igα S-transcripts.  Isotype switching to IgA results in mucosal anitbodies
53. What are two main functions of memory B cells
a. To produce plasma cells and to increase immune response during a secondary infection (subsequent infection)
