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MICROBIOLOGY - OPENSTAX 1E

CH. 18 - ADAPTIVE SPECIFIC HOST DEFENSES



CONCEPT: INTRODUCTION TO ADAPTIVE IMMUNITY 
●Adaptive (Specific) Immunity: components that ____________ over time & protect against specific pathogens. 
●Adaptive immunity is considered a dual system with two components:  

1) Cell-Mediated Immunity: targets & destroys intracellular (inside host cell) pathogens using ____-cells. 
 □ T cells use T Cell Receptors (_______s) to generate an immune response. 
2) Humoral Immunity: targets & destroys extracellular (outside host cell) pathogens using ____-cells & antibodies. 
 □ B cells use B Cell Receptors (_______s) to generate an immune response. 

 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Cytotoxic T cells are primarily involved in ____________. 

a) Innate Immunity. 
b) Antibody production. 
c) Cell-mediated Immunity. 
d) Humoral Immunity. 

 
 
PRACTICE: The humoral response is initiated by production of: 

a) Cytotoxic T cells. 
b) Antigens. 
c) Red blood cells.  
d) Antibodies. 
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CONCEPT: INTRODUCTION TO ADAPTIVE IMMUNITY 
Primary vs. Secondary Lymphoid Organs 
●Primary Lymphoid Organs: organs where immature T & B lymphocytes ______________ into naive (inactive) forms.  

□ Includes Thymus (where ____ cells develop) & Bone marrow (where ____ cells develop). 

□ Both T & B lymphocytes are produced in bone marrow, but T cells ____________ to the thymus to fully develop. 
●Secondary Lymphoid Organs: organs where naive T & B lymphocytes are ______________ & begin immune functions.  
 □ Sites where foreign molecules (antigens) are brought into contact with populations of lymphocytes. 

□ Includes lymph nodes, spleen, & tonsils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: T cells and B cells are produced in the: 

a) Bone marrow. 
b) Thymus. 
c) Bloodstream. 
d) Epithelial Cells. 

 
PRACTICE: T cells mature in the __________ & B-cells mature in the ____________. 

a) Bone marrow; Thymus. 
b) Thymus; Bloodstream. 
c) Hypothalamus; Bone marrow. 
d) Thymus; Bone marrow. 
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CONCEPT: INTRODUCTION TO ADAPTIVE IMMUNITY 
PRACTICE: The secondary lymphoid organs: 

a) Are where foreign antigens interact with lymphocytes.   c)   Are hematopoietic.  
b) Are the site of antibody production.     d)   Include bone marrow & thymus.  

 
PRACTICE: Which of the following are two of the secondary lymphoid organs? 

a) Stem cells & Spleen.   c)   Lungs & Bone Marrow. 
b) Lymph Nodes & Bone Marrow.   d)   Spleen & Lymph Nodes.  

 
Map of the Lesson on Adaptive Immunity 
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CONCEPT: INTRODUCTION TO ADAPTIVE IMMUNITY 
Overview of Adaptive Immunity 
●Let’s overview the lesson on adaptive immunity.  We’ll explain & break this down in more detail as we move forward. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: What major advantage is conveyed by having a system of adaptive immunity? 

a) It enables a rapid defense against an antigen that has been previously encountered. 
b) It enables an animal to destroy most pathogens almost instantly the first time they are encountered. 
c) It results in effector cells with no tolerance to host or self-antigens.  
d) It allows for the destruction of antibodies. 
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CONCEPT: ANTIGENS 
●Adaptive Immunity (cell-mediated & humoral) generates immune responses toward foreign _____________ in the body. 

□ Antigens: molecules reacting specifically with T cells, B cells, or antibodies (derived from antibody generator). 
□ Differ in their effectiveness to elicit an immune response (small antigens usually not immunogenic).  

□ Immunogenic Antigens: any antigen that causes a strong ________________ response. 
□ Epitopes: distinct regions of antigens that B cell & T cell receptors or antibodies directly _________ to.  

 
 
 
 
 
 
 
 
PRACTICE: Epitopes are: 

a) A portion of an antibody molecule.    c)   T cell receptors. 
b) A portion of antigen recognized by antibody.   d)   A molecule that binds to antigens.  

 
Free Antigens vs. Presented Antigens on APCs 
●____ cells only respond to free antigens (antigens NOT presented by a host cell). 
●____ cells only respond to antigens that are presented on antigen presenting cells. 

□ Antigen Presenting Cells (______s): specific immune cells that process & present antigens for T cell activation. 
 □ APCs are dendritic cells, macrophages, & B-cells. 
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CONCEPT: ANTIGENS 
PRACTICE: Which of the following cell types are antigen-presenting cells (APCs).  
1. Macrophages     2. Neutrophils   3. B cells   4. T cells   5.Plasma Cells 

a) 1 & 3. 
b) 4 & 5.  
c) 1, 2 & 3. 
d) 1 & 2. 
e) 3 & 4. 

 
 
PRACTICE: Many phagocytic immune cells such as macrophages and dendritic cells commonly engulf foreign or 
dangerous materials in the body. If these cells engulf antigens, the cells will present the antigens on their surface. Which 
immune cells will respond to these “presented” antigens and trigger an immune response if necessary?  

a) B cells.  
b) Plasma cells.  
c) T cells.  
d) Monocytes.  
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CONCEPT: INTRODUCTION TO T LYMPHOCYTES  
●Recall: Cell-Mediated Immunity: adaptive immunity that targets & destroys intracellular pathogens using ____-cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following answers is a major difference between cell-mediated and humoral immunity?  

a) Cell-mediated immunity utilizes T cells while humoral immunity utilizes B cells to respond to infection.  
b) Cell-mediated immunity involves antigens presented on APCs while humoral immunity involves free antigens.  
c) Cell-mediated immunity responds to antigens outside of cells. Humoral immunity responds to antigens within a cell.  
d) A and B.  
e) B and C.  
f) All of the above are major differences between cell-mediated and humoral immunity.  
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CONCEPT: INTRODUCTION TO T LYMPHOCYTES  
T-Cell Receptors 
●Recall: ____-cells: develop in the thymus & have thousands of identical T-Cell Receptors embedded in their membrane.  

□ T-Cell Receptors (_______s): receptors allowing T-cells to recognize & “attack” specific intracellular pathogens. 

●Each TCR consists of 2 polypeptide chains (a & b chains) linked via disulfide bonds & contain _____ different regions: 

 1) Variable Region: region that __________ between different TCRs & directly __________ the presented antigen.   
 □ Amino acid sequence variation accounts for the many different types of antigens different TCRs bind. 
2) Constant Region: region closest to the cell surface & have ___________________ amino acid sequences. 

 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is NOT a component of TCRs? 

a) Alpha chain.   c)    Beta chain.     e)     None of the above. 
b) CD3 complex.   d)   Constant & Variable Regions. 

 
PRACTICE: What is the importance of the variable region of T-cell receptors?  

a) The variable region is the closest region to the cell’s surface and stabilizes the receptor in the plasma membrane.  
b) The variable region directly binds to antigens.  
c) The variable region varies in its amino acid sequence allowing different TCRs to bind different antigens.  
d) The variable region directly binds to antibodies.  
e) A and B.  
f) B and C.  
g) C and D.  
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CONCEPT: INTRODUCTION TO T LYMPHOCYTES  
Naive T Cells Become Effector & Memory T Cells 
●Before a T cell encounters a presented antigen, it exists in an ________________ form called a naive T cell.  

□ When naive T cells encounter a presented antigen on a dendritic cell, it is _____________________. 
●Activated T cells proliferate (multiply) & differentiate (change phenotype) to become effector or memory T cells.  

□ Effector T cells: _________-lived cells generating an immediate immune response to 1st infection.  
□ Memory T cells: _________-lived cells that “remember” the antigen & respond faster in future infections. 

●There are 2 types of effector & memory T cells (cytotoxic vs. helper). 
 
 
 
 
 
 
 
 
 
PRACTICE: a naive lymphocyte: 

a) Has encountered an antigen with its receptor but has not yet produced antibodies.  
b) Has not yet encountered an antigen recognized by its receptors but is producing antibodies. 
c) Has encountered an antigen and has undergone apoptosis. 
d) Has fully developed antigen receptors but has not yet encountered an antigen. 
e) Has produced antibodies despite not having developed receptors. 

 
 
PRACTICE: Which of the following statements about effector T cells is NOT true?  

a) Effector T cells are long-lived cells that allow the immune system to respond quickly to subsequent infections.  
b) Effector T cells can take two forms: Cytotoxic T Cells & Helper T Cells.  
c) Effector T cells trigger an immediate immune response to a novel infection.  
d) Effector T cells are short-lived immune cells.  
e) All of the above statements about effector T cells are true.  
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CONCEPT: INTRODUCTION TO T LYMPHOCYTES  
Cytotoxic T Cells vs. Helper T cells 
●Recall: there are ____ types of effector & memory T cells responsible for generating an immune response to antigens.  
 1) Cytotoxic T Cell (TC or _____ Cell): induces apoptosis of host cells infected with intracellular pathogens.  

 2) Helper T Cell (TH or _____ Cell): produce cytokines to help stimulate & activate other immune cells (ex. B cells). 
●CD (Cluster of Differentiation) Markers: clusters of surface proteins on T cells used to differentiate TC & TH cells. 
 □ CD markers (TC = CD8 & TH = CD4) _____________ the interactions & functions of TC & TH cells.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: CD markers differentiate the two types of effector T cells. Cytotoxic T cells have _________ markers while 
helper T cells have _________ markers.  

a) CD3; CD4.  
b) CD4; CD5.  
c) CD8; CD6.  
d) CD8; CD4.  

 
 
PRACTICE: Which of the following statements about cytotoxic T cells is true?  

a) When cytotoxic T cells encounter an antigen, they produce cytokines to stimulate other immune cells.  
b) When cytotoxic T cells encounter “presented” antigens, they send signals triggering apoptosis in the infected cell.  
c) When cytotoxic T cells encounter an antigen, they recruit B cells to produce antibodies.  
d) Cytotoxic t cells only recognize and respond to “free” antigens.  
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CONCEPT: MAJOR HISTOCOMPATIBILITY COMPLEXES 
●Immune cells must properly identify threats & only target infected host cells & pathogens (not uninfected host cells). 
●One of the ways T cells can detect threats is by interacting with molecules on host cells called ________. 

□ Major Histocompatibility Complexes (______): surface proteins on host cells that present antigens to T cells. 
 
 
 
 
 
 
Classes of MHC Molecules 
●There are _____ classes of MHC molecules: 
 1) MHC Class ____: found in ALL nucleated host cells presenting ____dogenous antigens only TC cells recognize. 
  □ Endogenous antigens: antigens that originate from _____________ the host cell.  
 2) MHC Class ____: only found in SOME host cells presenting ____ogenous antigens only TH cells recognize. 
  □ Exogenous antigens: antigens that originate from _______________ the host cell. 
  □ MHC Class II are only on _______s (dendritic cells, macrophages, B cells).  

□ CD markers on T cells (CD8 or CD4) guide interaction with the correct MHC class.  
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CONCEPT: MAJOR HISTOCOMPATIBILITY COMPLEXES 
PRACTICE: Which markers are found on all nucleated cells? 

a) MHC class I.  b)   MHC class II.  c)   CD4.  d)   CD8. 
 
 
PRACTICE: MHC class II molecules are found on: 

a) Basophils & macrophages. 
b) B cells & Neutrophils. 
c) Macrophages & Dendritic cells. 
d) T helper cells & Macrophages. 
e) All antigen presenting cells (APCs). 

 
 
PRACTICE: Once an MHC II molecule on an APC presents an antigen: 

a) Effector cells with CD8 markers activate the APC. 
b) Effector cells with CD4 kill the APC. 
c) Effector cells with CD8 kill the APC. 
d) Effector cells with CD4 activate the APC. 

 
 
PRACTICE: If an effector CD4 cell encounters an antigen presented on a MHC Class II molecule, how would it respond?  

a) Send signals to the APC trigger apoptosis in the APC.  
b) Engulf the APC and degrade the infected cell and the intracellular pathogen.  
c) Send signals to the APC, activating the APC and triggering an immune response.  
d) All of the following are possible responses of the effector CD4 cell.  
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CONCEPT: ACTIVATION OF T LYMPHOCYTES  
●Recall: APCs, such as dendritic cells, have __________ MHC class I & II and can activate either a naive TC or TH cells. 

□ Activated T cells proliferate & differentiate into either effector T cells or memory T cells. 
●If a dendritic cell presents a ______________ antigen on an MHC, it will produce co-stimulatory molecules on its surface. 

□ _____-stimulatory molecules: communicate the danger/significance of an antigen to the naive T cell.   
□ Naive T cells are only activated by dendritic cells that present harmful antigens & co-stimulatory molecules.  

●If a dendritic cell presents a __________________ antigen on an MHC, it will _______ produce co-stimulatory molecules. 
□ If co-stimulatory molecules are NOT produced, the naive T cell is NOT activated & becomes _____________. 

 □ Anergic: when a cell becomes ______-responsive & undergoes apoptosis (no response to harmless antigens). 
  
  

  
 
  
 
 
 
 
 
 
 
 
 
 
PRACTICE: Antigen presenting cells, including dendritic cells in lymph nodes, are observed to bind T cells on their 
surfaces. If the dendritic cell is presenting harmful antigens on its surface and creating co-stimulatory molecules, what will 
happen to the T cells that bind to the dendritic cell? 

a) The naive T cells that bind the dendritic cell will activate and form effector T cells.  
b) The cytotoxic T cells which bind the dendritic cell will signal the dendritic cell to undergo apoptosis.  
c) The anergic T cells which bind the dendritic cell will undergo apoptosis.  
d) The helper T cells that bind the dendritic cell will deactivate and become naive T cells.  
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CONCEPT: ACTIVATION OF T LYMPHOCYTES  
Comic Strip for T Cell Activation  
●Here is a fun way to remember when T cells become activated by _________________ cells. 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: The role of dendritic cells is to: 

a) Activate B cells via antigen presentation. 
b) Present antigens on MHC I only. 
c) Activate the complement system classical pathway.  
d) Perform phagocytosis.  
e) Activate T helper & T cytotoxic cells via MHC I & II.  

 
 
PRACTICE: Before T cells become activated, they require an antigen encounter. Naive T cells are shown to express L-
selectin which aids in binding to high endothelial cells expressing L-selectin ligand in regions where they are most likely to 
encounter an antigen. In which of the following locations are these high endothelial cells most likely to be located? 

a) Bone marrow. 
b) Capillaries. 
c) Lymph nodes. 
d) Heart. 
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CONCEPT: FUNCTIONS OF T LYMPHOCYTES 
Functions of Cytotoxic T Cells (TC) 
●Recall: TC Cells target infected host cells presenting _________-cellular pathogens on MHC I & induce apoptosis. 
● TC Cells can distinguish between uninfected & infected host cells by what is presented on the MHC I molecules.  
 □ Uninfected cells: present nonimmunogenic ________-made peptides (does NOT elicit immune response). 

 □ Infected cells: present ___________________ microbial antigens (do elicit immune response).  
● When TC cell binds an infected cell, it releases proteases & perforin (creates _________ in the infected cell).  
 □ Proteases enter infected cell via pores & ________________ cellular proteins, inducing apoptosis. 
  □ Apoptosis is a controlled way of killing infected cells without exposing pathogens to nearby healthy cells.  
●TC cells release cytokines to neighboring cells activating macrophages & increase antigen presentation on dendritic cells. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which statement is FALSE about cytotoxic T cells? 

a) They stimulate B cells. 
b) They destroy virus-infected cells. 
c) They recognize MHC I bound antigens on APCs. 
d) They induce apoptosis in infected cells. 

 
PRACTICE: Tc cells recognize epitopes only when the latter are held by 

a) MHC proteins.  b)   B cells.  c)   Interleukin-2.  d)   Granzyme. 
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CONCEPT: FUNCTIONS OF T LYMPHOCYTES 
Types of Helper T Cells (TH) 
●Depending on signals provided by a dendritic cell, naive TH cells differentiate into one of many effector TH cell subtypes.  

□ Each subtype of effector TH cells produce different cytokines that control an immune response. 
 
 
 
 
 
 
 
 
●For our lesson, we will consider functions of ALL TH cell types as a group. 
 
Functions of Helper T Cells (TH): Activation of Macrophages 
●Recall: Naive TH cells are activated by dendritic cells via antigen presentation.  

□ TH cells make cytokines to help stimulate & activate immune cells (ex. macrophages & naive TC & B cells). 
●Macrophages routinely engulf, degrade, & process invading pathogens to present them as antigens on MHC ____.   
●Effector TH cells bind antigens presented on MHC II & produce cytokines that __________________ the macrophage.  
 □ Stimulated macrophages increase production of lysozymes & antimicrobials to destroy invaders more effectively.  
 □ TH cells can also release additional cytokines that activate nearby ______ cells as well. 
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CONCEPT: FUNCTIONS OF T LYMPHOCYTES 
PRACTICE: Why are cytokines important signals for cell-mediated immunity? 

a) Cell-mediated immunity requires immune cells to communicate to perform most efficiently.  
b) Cytokines are signals that allow immune cells to communicate.  
c) Effector cells, like CD4 cells, use cytokines to activate other immune cells.  
d) Cytokines signal to specific immune cells to increase their destructive properties and destroy pathogens.  
e) A and B.  
f) C and D.  
g) All of the above.  

 
 
PRACTICE: T______ cells assist in the functions of certain B cells and other T cells. 

a) sensitized. 
b) cytotoxic. 
c) helper. 
d) natural killer. 

 
 
PRACTICE: Which type of helper T cells are involved in fighting extracellular pathogens?  

a) TH1. 
b) TH2. 
c) TH17. 
d) A and B.  
e) B and C.  
f) All types of helper T cells help fight extracellular pathogens.  
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CONCEPT: REVIEW OF CYTOTOXIC VS. HELPER T CELLS 
●Let’s review the two types of T cells & their functions in adaptive immunity. 
 
 
 
 
 
 
 
 
 
 
Comic Strip for T Cell Functions 
●Let’s see how our comic from earlier ends! 
 
 
 
 
 
 
 
 
 
PRACTICE: Helper T cells respond to antigens from _____ and cytotoxic T cells respond to antigens from _____. 

a) Macrophages; B cells. 
b) Class II MHC; class I MHC. 

c) Viruses; bacteria. 
d) Class I MHC; class II MHC. 

 
PRACTICE: Which of the following cells is capable of specifically responding to a nearly infinite number of epitopes? 

a) B and T cells. 
b) Plasma cells. 
c) T cytotoxic cells. 
d) All of the above.   
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CONCEPT: INTRODUCTION TO B LYMPHOCYTES 
●Recall: Humoral Immunity: targets & destroys extracellular (outside host cell) pathogens using ____ cells & antibodies. 
 □ Dendritic cells activate naive TH cells which then go on to ________________ B cells. 
 
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Match the correct form of adaptive immunity to the scenarios below.  

A. Cell-Mediated Immunity.    B.    Humoral Immunity  
 

_____ 1. A macrophage acting as an APC is activated by a CD4 effector cell.  
_____ 2. A naive B cell is activated after binding an antigen and differentiates into a plasma cell.   
_____ 3. Responds to exogenous antigens.   
_____ 4. Responds to endogenous antigens.  
_____ 5. A liver cell infected with a virus undergoes apoptosis when signaled by a CD8 effector cell.   
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CONCEPT: INTRODUCTION TO B LYMPHOCYTES 
B cell Receptors 

●Recall: ____-cells: develop in Bone marrow, have B-Cell Receptors in their membrane, & are associated with antibodies.  

 □ B-Cell Receptors (______s): receptors allowing B-cells to recognize & “attack” extracellular pathogens. 
  □ “_________” antigen binds to BCR & is processed & presented by the cell for activation by TH cells. 
 □ BCRs are practically membrane-embedded __________________ with similar overall structure. 
  □ BCRs of a B cell are almost ______________________ to the antibodies it eventually secretes.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: What is the difference between a TCR and a BCR? 

a) TCRs must be presented an antigen on an MHC molecule from an APC. 
b) BCRs must be presented an antigen on an MHC molecule from an APC. 
c) TCRs mimic the structure of antibodies and are essentially the same. 
d) BCRs are composed of amino acid chains & TCRs are composed of various carbohydrates. 
e) TCRs are composed of amino acid chains & BCRs are composed of various carbohydrates. 

 
 
PRACTICE: A naive B cell is activated when:  

a) The B cell’s BCR binds to an endogenous antigen presented by an APC.  
b) The B cell is told to differentiate into a plasma cell or memory B cell by a CD4 effector cell.  
c) The B cell’s BCR binds to a “free” antigen that is not bound to an APC.  
d) When A and B occur.  
e) When B and C occur.  
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CONCEPT: INTRODUCTION TO B LYMPHOCYTES 
Naive B cells Become Effector (Plasma) Cells & Memory Cells 
●Before a B cell encounters a “free” antigen, it exists in an ________________ form called a naive B cell.  

□ Upon encountering a free antigen & then presenting it on MHC II, naive B cells are bound & activated by TH cells.  
●Activated B cells proliferate (multiply) & differentiate (change phenotype) to become effector or memory B cells.  

□ Effector (Plasma) B cells: short-lived cells making _________________ to immediately respond to 1st infection. 
□ Memory B cells: long-lived cells that “remember” the antigen & make antibodies faster in future infections. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Antibodies are made by: 

a) Red blood cells.  b)   Plasma cells. c)   Dendritic cells. d)   Helper T cells.  
 
 
PRACTICE: In which of the following sites in the body can B cells be found? 

a) Lymph nodes. 
b) Spleen. 
c) Red bone marrow. 
d) Intestinal wall. 
e) All of the above. 
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CONCEPT: INTRODUCTION TO B LYMPHOCYTES 
PRACTICE: The antibody-secreting progeny of an activated B cell are called: 

a) Antibodies. 
b) Sensitized T cells. 
c) Activated macrophages. 
d) Plasma cells. 

 
 
 
PRACTICE: Which of the following are properties of B cells? 

a) Naive B cells, like naive T cells, can differentiate into effector and memory B cells once activated.  
b) Effector B cells when activated secrete antibodies which fight a novel infection. 
c) Memory B cells when activated secrete antibodies which fight subsequent infections more effectively.  
d) To become activated, a naive B cell must present an immunogenic antigen to an effector CD4 cell.  
e) All are properties of B cells. 
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CONCEPT: ANTIBODIES 
●Antibodies: “_____”-shaped proteins produced by plasma cells that can bind antigens & generate an immune response. 
 □ Antibodies are also called immunoglobulins (or Ig) & they typically have the same general structure.  
 
Antibody Structure 
●Antibodies consist of _____ polypeptide chains: two identical _________ (L) chains & two identical _________ (H) chains. 
 □ These 4 chains are covalently linked together via _____________ bonds. 
●Each light & heavy chain has a variable region (____ domain) and a constant region (____ domain). 
 □ V domain: located at the tip (N-terminal) of each prong of the “Y” and contains the _____________ binding site. 
 □ C domain: located at the hinge & stem of the “Y” and is recognized by ____________ system cells.  
 □ If antibody is broken at the hinge of the “Y”, it leaves the prongs (_____) and the stem (____). 
EXAMPLE: Antibody Structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: _________ is another name for antibodies. 

a) Epitope.    c)   Antigen. 
b) Immune protein.   d)   Immunoglobulin. 
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CONCEPT: ANTIBODIES 
PRACTICE: An antibody’s variable region: 

1. Varies in amino acid sequence to allow different antibodies to bind different antigens.  
2. Is located in the hinge and stem regions of an antibody.  
3. Is a portion of the light chain of an antibody.  
4. Is a portion of the heavy chain of an antibody.  

a) 1 & 2.   d)    1, 2, & 3.  
b) 1 & 3.   e)     1, 3, & 4.  
c) 3 & 4.   f)       1, 2, 3, & 4.  

 
Antibody Diversity 
●Our immune system has potential to produce an ____________________ number of different antibodies (perhaps > 1018). 
 □ So many potential antibody possibilities that they all cannot be produced in one lifetime. 
●Question: how is antibody diversity SO LARGE if humans only have ~25,000 genes? 
 □ Antibody diversity results from significant amounts of gene ____________________, splicing, & mutations. 
EXAMPLE:  Antibody diversity. 
 
 
 
 
 
 
 
 
PRACTICE: Genetic recombination frequently occurs in the body’s B cell population. Why is this advantageous to the 
immune system?  

a) More genetic diversity in antibody genes creates more diversity in antibodies.  
b) Having the ability to produce more diverse antibodies allows B cells to respond to a larger number of pathogens.  
c) More genetic diversity allows CD8 effector cells to be able to recognize and kill more endogenous pathogens.  
d) A and B.  
e) B and C.  
f) All of the above.  
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CONCEPT: CLASSES OF ANTIBODIES 

●There are _____ classes of immunoglobulins based on differences in their heavy chains:  

 1) Ig___  2) Ig___  3) Ig___  4) Ig___  5) Ig___ 

EXAMPLE:  Classes of Antibodies.  

 

  

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is NOT an immunoglobin class? 

a) IgM.  b)   IgH.   c)   IgG.   d)   IgE.   e)   IgD. 

 

IgG 

●IgG: the _________ abundant antibody class in the blood/tissues making up ~80% of all immunoglobulins 

 □ Binds to antigens & eliminates pathogens by activating the complement system classical pathway. 

 □ Provides immunity to a developing _____________ during pregnancy & after the child has been born. 

 □ Long half-life extends time of protection through first few months after birth. 

 

 

 

 

 

 

 

 

 

 

GAMED 
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CONCEPT: CLASSES OF ANTIBODIES 

IgA 

●IgA: Protects ____________ membranes & can be found in body secretions (saliva, tears, breast milk).  

 □ Commonly found as a dimer called secretory IgA (_______) where monomers are held together by a peptide.  

 □ sIgA in breast milk protects intestinal tract of breast-fed newborns.   

  

 

 

 

 

 

 

 

 

 

 

IgM 

●IgM: Control infections in blood & is __________ antibody initially produced by plasma cells before “class switching”. 

 □ Largest class (in size) that is a pentamer composed of _____ Y-shaped subunits (10 antigen binding sites).  

 □ Large size prevents it from ______________ the blood into tissues.  

 □ Most efficient antibody to activate the complement system via classical pathway. 
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CONCEPT: CLASSES OF ANTIBODIES 

IgE 

●IgE: Found on surface of basophils & ___________ cells where they detect & respond to antigens.  

 □ Causes the cell to ________________________ & release inflammatory mediators in response to an infection. 

 □ Important for eliminating parasites (like worms) & response to many _________________ reactions. 

  

 

 

 

 

 

 

 

 

 

 

 

IgD 

●IgD: Found on surface of B cells & signals B cell activation/maturation into antibody-secreting ______________ cells.  

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: ______ is the first immunoglobulin class produced during a primary response.  

a) IgA.   b)   IgE.   c)   IgM.   d)   IgG. 
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CONCEPT: CLASSES OF ANTIBODIES 

PRACTICE: Which antibody class crosses the placenta from mother to child?  

a) IgA. 

b) IgE. 

c) IgM. 

d) IgG. 

 

 

PRACTICE: _______ is the immunoglobulin class that neutralizes viruses in the intestinal tract. 

a) IgG. 

b) IgA. 

c) IgD. 

d) IgE. 

 

 

PRACTICE: Which of the following antibodies is involved in causing basophils to release histamine when the antibody 

encounters an allergen? 

a) IgG. 

b) IgA. 

c) IgD. 

d) IgE. 

 

 

PRACTICE: The primary B-cell receptor is: 

a) IgD. 

b) IgA. 

c) IgE. 

d) IgG. 
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CONCEPT: CLASSES OF ANTIBODIES 

Review Table of Immunoglobin Classes 

●Now let’s review the different classes of immunoglobins (antibodies). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Each class of antibody is specifically defined by its 

a) Amino acid sequence of the variable region of the light chain. 

b) Amino acid sequence of the constant region of the heavy chain. 

c) Ability to cross the placenta. 

d) Disulfide bonds. 

 

PRACTICE: Match the following antibody classes with their description: 

a) IgA.  b)   IgG.   c)   IgE.   d)   IgM.  e)   IgD. 

___ First antibody produced during primary response. 

___ Protects mucous membranes.  

___ Most abundant antibody. 

___ Found on the surface of B cells. 

___ Triggers allergic reactions to allergens.  
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CONCEPT: OUTCOMES OF ANTIBODY BINDING TO ANTIGEN 
●Once antibodies are secreted from plasma cells & bind their antigens, they can result in many possible outcomes: 
  □ Serology: the scientific study of blood serum, especially its antigen-______________ reactions.  
 1) Recall: Opsonization: process that makes microbes _____________ to bind/engulf during phagocytosis. 
 2) Prevent Adherence & Immobilize: antibodies can block or immobilize microbes to prevent infecting host cells. 
 3) Recall: Complement System Activation: activation of ________________ pathway via antibody binding.  
 4) Toxin/Virus Neutralization: Antibodies bind toxins & _____________ to make them ineffective & harmless.  
 5) Agglutination: antibodies can bind to multiple antigens, ________-linking them for phagocytosis in large groups. 
 6) Antibody-Dependent Cell-mediated Cytotoxicity (_______): NK cells target/kill antibody-bound infected cells.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which term describes antibodies binding to a virus preventing it from attaching to host cells? 

a) Opsonization.     b)   Agglutination.    c)   Neutralization.      d)   Activation. e)   Coagulation. 
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CONCEPT: OUTCOMES OF ANTIBODY BINDING TO ANTIGEN 
PRACTICE: The study of antigen-antibody reactions is referred to as _____. 

a) Immunology. 
b) Toxicology. 
c) Pandemicity. 
d) Serology. 
e) Epidemiology. 

 
 
 
PRACTICE: Which of the following is NOT a protective outcome of antibody-antigen binding? 

a) Antibody-antigen complex triggering the complement system when bound to an antigen.  
b) Antibodies cross-linking pathogens so that they can be easily phagocytosed by macrophages.  
c) Antibodies signaling to a cytotoxic T cell that a host cell is infected.  
d) Antibodies binding to bacteria and prevent the bacteria from moving throughout the body.  
e) Antibodies binding to blood vessel walls resulting in vasodilation.  
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CONCEPT: T DEPENDENT & T INDEPENDENT ANTIGENS 
●The mechanism of B-cell activation depends on the type of antigen it encounters:  
 1) T-Dependent Antigens: antigens that _______________ on (require) TH cells for naive B cell activation. 
 2) T-Independent Antigens: antigens that activate naive B-cells independent of (______________) TH cells. 
 
 
B cell Activation by T Dependent Antigens 
●Recall: Naive B cells can be activated by TH cells.  
●Activation of a naive B cell via a T-dependent antigen occurs in a series of _____ steps: 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is a step required for activation of a B cell by a T-dependent antigen?  

a) The antigen is presented on MHC class I proteins of the T cell.  
b) The antigen binds to the BCR of a naive B cell.  
c) The antigen is presented on MHC class II proteins of the B cell.  
d) TH cell recognizes the antigen as a pathogen and triggers apoptosis in the B cell.  
e) TH cell recognizes the antigen as a pathogen and activates the B cell causing the B cell to secrete antibodies.  
f) B, C, & E.  
g) A, B & E.  

 
PRACTICE: T-dependent antigens can stimulate B cells to become activated but require _________ assistance. 

a) Interleukin. 
b) Cytokine. 

c) Interferon. 
d) Antibody.

MICROBIOLOGY - OPENSTAX 1E

CH. 18 - ADAPTIVE SPECIFIC HOST DEFENSES

Page 33



CONCEPT: T DEPENDENT & T INDEPENDENT ANTIGENS 
B cell Activation by T Independent Antigens 
●Recall: T independent antigens can activate naive B-cells independent of (____________) TH cells. 
 □ They are typically polysaccharides with multiple, closely spaced, _________________ repeating subunits. 

□ Do ______ initiate an immune response in young children, making kids more susceptible to some pathogens.  
□ T independent antigens are ________ as common as T dependent antigens.  
 

 
 
 
 
 
 
 
 
PRACTICE: T-independent antigens: 

a) Interact with MHC I molecules. 
b) Require the involvement of T cells. 
c) Include pathogen associated polysaccharides. 
d) Are usually pathogen associated nucleic acids. 

 
 
PRACTICE: Lipopolysaccharide (LPS) is an endotoxin found on the surface of gram-negative bacteria. LPS can cause the 
body to enter septic shock and result in multi-system organ failure. Because of its severe effects, it is important that the 
immune cells react quickly to LPS. LPS is an antigen that can directly trigger antibody secretion once it comes in contact 
with a B cell. LPS is what kind of antigen?  

a) T-independent antigen.  
b) Direct antigen.  
c) T-dependent antigen.  
d) B-independent antigen.  
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CONCEPT: CLONAL SELECTION 
●Each individual B & T cell has many identical BCRs/TCRs that only allows it to respond to _______ very specific antigen.  
 □ Populations of many different B & T cells can recognize & respond to a ______ range of many different antigens. 
●How does our adaptive immune system ensure proliferation of only B & T cells that appropriately respond to an infection?  
●Clonal Selection Theory: upon infection, _____________ B & T cells in a mixed population are selected to make clones. 

□ Only the B & T cells that ___________ the antigen are selected to proliferate & create an army of clones.  
 □ B & T cells that do NOT bind the antigen are ________ selected to proliferate.  

EXAMPLE: Clonal selection of specific B cells in a mixed B cell population in response to a specific antigen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements is FALSE? 

a) Each B cell has BCRs that bind to a single antigen. 
b) The cell type that secretes antibodies is called a plasma cell. 
c) A BCR allows naive B cells to detect an antigen. 
d) All naive B cells that are close in proximity to an antigen begin to differentiate.  

 
PRACTICE: Clonal selection: 

a) Implies that each individual lymphocyte produces a single antibody. 
b) Describes how the adaptive immune system can produce millions of different antibodies. 
c) Depends on an antibody recognizing a specific epitope. 
d) Is based on random naive B cells proliferating and differentiating.  

B Cell #1 B Cell #2 B Cell #3 

B Cell #2 
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CONCEPT: CLONAL SELECTION 
PRACTICE: The clonal selection theory states that: 

a) Self-reacting T cells are destroyed in the bone marrow.  
b) B cells will only proliferate during an infection if their BCRs successfully bind to the pathogen.  
c) Antibody structure changes as it encounters an antigen for higher specificity binding. 
d) Each T cell produces many different types of antibodies. 

 
 
 
PRACTICE: Which of the following is NOT an organ where clonal selection occurs? 

a) Spleen. 
b) Lymph nodes. 
c) Bone marrow. 
d) Mucosa associated lymphoid tissue. 

 
 
 
 
PRACTICE: All of the following are postulates of the clonal selection theory EXCEPT: 

a) Each B lymphocyte bears a single type of receptor with a unique specificity. 
b) BCR occupation is required for cell activation. 
c) Differentiated cells derived from an activated B lymphocyte bear receptors of similar specificity as the parent cell. 
d) B lymphocytes bearing receptors for self-molecules are destroyed at an early stage. 
e) All are postulates of the clonal selection theory. 
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CONCEPT: ANTIBODY CLASS SWITCHING 
● Recall: When plasma cells are first formed from B cells, they initially begin producing/secreting the antibody Ig_____. 
●However, as B cells multiply, some undergo a process known as antibody __________ switching. 

□ Antibody Class Switching: changes in DNA allowing a plasma cell to change its antibody class (ex. IgMàIgG). 
□ Occurs via genetic rearrangement of DNA encoding the antibody’s __________________ region.  
□ New antibody class still maintains specificity for _________ epitope of same antigen (variable region unchanged).  

 □ Deleted gene segments are ______ expressed, & gene segment for constant region “1st in line” is expressed. 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Class switching occurs when which of the following scenarios occur? 

a) The deletion of specific heavy chain genes in the B cell DNA. 
b) Genetic variation of the variable region in an antibody gene within a B cell. 
c) Large deletions of genes encoding the variable region of antibodies in B cells. 
d) Gene rearrangements in a T cytotoxic cell causing the cell to become a T helper cell. 
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CONCEPT: ANTIBODY CLASS SWITCHING 
PRACTICE: Which lymphocyte is responsible for inducing class switching in B cells? 

a) Regulatory T cells. 
b) Cytotoxic T cells. 
c) Helper T cells. 
d) Memory T cells. 

 
 
PRACTICE: Why is class switching of antibodies during an infection important for effectively fighting the infection? 

a) Class switching allows the immune system to choose the most effective antibody class for fighting the infection.  
b) Different antibody classes have different strengths and functions. 
c) Certain antibody classes will not bind or recognize specific antigens/pathogens.   
d) A and B.  
e) B and C.  
f) A and C.  
g) All of the above.  

 
 
PRACTICE: Antibody class switching rearranges the genes within a B cell which controls the type of antibody secreted by 
the plasma B cell. During this gene rearrangement, the ______ region of the antibody is affected and the ______ region of 
the antibody is unaffected. This means that antibody class switching is antigen specificity ______.  

a) Constant region; Variable region; Independent.  
b) Variable region; Constant region; Independent.  
c) Constant region; Variable region; Dependent.  
d) Variable region; Constant region; Dependent.  
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CONCEPT: AFFINITY MATURATION 
●How does our immune system ensure mass production of the most EFFECTIVE antibody during an infection? 
●As B cells proliferate, ____________ occur in variable region of BCR/antibody genes, causing changes in antigen binding. 
 □ These mutations & changes in the BCR/antibody’s ability to bind its antigen leads to _____________ maturation. 
●Affinity Maturation: form of natural selection among B cells allowing for mass production of ________ effective antibody. 
 □ B cells with mutations in BCRs that allow them to bind MORE effectively are ________ likely to proliferate. 
 □ B cells with mutations in BCRs that allow them to bind LESS effectively are ________ likely to proliferate. 
 □ Over time, the majority of B cells during an infection are able to bind the antigen more & more effectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Between antibody class switching & affinity maturation, over time, plasma cells produce much more effective antibodies!!! 
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CONCEPT: AFFINITY MATURATION 
PRACTICE: True or False? The process of affinity maturation generates antibodies with an increasing capacity to bind 
antigens and thus to more efficiently bind to, neutralize, and eliminate microbes. 

a) True.    b)   False. 
 
 
 
PRACTICE: How does an antibody’s ability to bind an antigen increase as B cells multiply? 

a) Genetic rearrangement of the DNA encoding the antibody’s constant region occurs with each B cell generation. 
b) Genetic mutations of the DNA encoding the antibody’s variable region occur with each B cell generation.   
c) Variation in the amino acid sequence of the antibody stem occurs & allows the antibody to bind various antigens.  
d) Genetic mutations of the DNA encoding the antibody occur changing the antibody into a BCR.  

 
 
 
PRACTICE: Which of the following statements about antibody affinity maturation is true?  

a) It is a form of natural selection ensuring only antibodies that most effectively bind the antigen are produced.  
b) It occurs when mutations happen in the DNA encoding the variable region of the antibody. 
c) It ensures that only B cells with BCRs that effectively bind the antigen are allowed to proliferate.  
d) After an affinity maturation cycle, the majority of the B cell population will create antibodies that bind the antigen.  
e) A and B. 
f) B and C.  
g) All of the above are true about affinity maturation.  
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CONCEPT: PRIMARY & SECONDARY RESPONSE OF ADAPTIVE IMMUNITY  
●Memory B & T cells make a secondary adaptive immune response faster & _________ effective than a primary response:      

1) Primary Immune Response: a slower & weaker response upon _____________ exposure to an antigen. 
□ Ex. takes __________ time to produce a relatively ________ number of antibodies (IgM & IgG). 

2) Secondary Immune Response: a faster & stronger response upon _________________ exposure to antigen. 
□ Ex. takes ___________ time to produce a relatively ___________ number of IgG & only some IgM.  

 □ Associated with ___________________ B & T cells of adaptive immunity.  
 
 
 
 
 
 
 
 
 
 
PRACTICE: During an immune response, the latent or lag period is the number of days between the initial infection of the 
host and antibody production used to fight the infection. Which type of immune response will have the longer latent period? 

a) Primary Immune Response.    b)    Secondary Immune Response.  
 
PRACTICE: Which antibody class rises to its highest concentration during a secondary response? 

a) IgA.   b)    IgE.   c)    IgM.   d)    IgG. 
 
PRACTICE: Does the graph correspond with a primary or secondary infection?  

a) Primary Immune Response. 
b) Secondary Immune Response.  
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CONCEPT: PRIMARY & SECONDARY RESPONSE OF ADAPTIVE IMMUNITY  
PRACTICE: People that are immune to a certain disease have ________ class antibodies against the disease years later.  

a) IgA. 
b) IgG. 
c) IgM. 
d) IgE. 

 
PRACTICE: How long after initiation of a primary response do significant amounts of antibody appear in the blood? 

a) One day 
b) 10-14 days 
c) 4 weeks 
d) 6 months 

 
PRACTICE: If you draw a blood sample from a patient to determine whether he or she has a herpes simplex infection, and 
the patient displays a large amount of IgG against the virus but low levels of IgM, what do you conclude? 

a) The patient is newly infected. 
b) The patient has had the infection for a while. 
c) The patient is not infected. 
d) It is impossible to draw conclusions. 

 
PRACTICE: Put the following steps in the correct sequence to elicit an antibody response: 
(1) TH cell recognizes B cell. 
(2) APC contacts antigen. 
(3) Antigen fragment displayed on surface of APC. 
(4) TH recognizes antigen on APC is immunogenic. 
(5) B cell proliferates. 
 

a) 1, 2, 3, 4, 5. 
b) 5, 4, 3, 2, 1. 
c) 3, 4, 5, 1, 2. 
d) 2, 3, 4, 1, 5. 
e) 4, 5, 3, 1, 2. 
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CONCEPT: IMMUNE TOLERANCE 
●Our immune system must build immune tolerance to ____________ an inappropriate response to harmless antigens.  
 □ Immune Tolerance: the ability of our immune system to ignore (or __________________) any given molecule.  
  □ Goal: generate immune tolerance to ONLY _________________ antigens.  
 □ Without immune tolerance, our immune system would attack our own cells, causing autoimmune disease.  
 
 
 
 
 
 
 
 
 
 
 
Football Analogy for Immune Tolerance 
●Immune tolerance: ability for immune system (QB) to distinguish between harmful (opponent) & harmless (teammates). 
 □ Without tolerance, our immune system can _______ distinguish between harmful & harmless. 
 □ ________ tolerance, our immune system CAN distinguish between harmful & harmless & do its job properly. 
 
 
 
 
 
 
 
 
 
 
 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 18 - ADAPTIVE SPECIFIC HOST DEFENSES

Page 43



CONCEPT: IMMUNE TOLERANCE 
Central vs. Peripheral Tolerance 
●Sometimes, our adaptive immune response mistakenly produces self-reacting T & B cells that harm our own cells. 

□ To prevent this, our body builds-up a tolerance by strictly controlling T & B cell development. 
●There are _____ types of tolerance mechanisms controlling T & B cell development: 
 1) Central Tolerance: negative selection of mature T & B cells _____________ leaving primary lymphoid organs. 

□ Elimination/removal of _________-reacting T & B cells by apoptosis.   
 2) Peripheral Tolerance: selection of mature T & B cells _____________ leaving primary lymphoid organs. 

□ Ex: Positively selects T cells that bind any MHC & negatively selects T cells that bind harmless antigens. 
□ Self-reacting T & B cells become _______________ (unresponsive) & eventually undergo apoptosis. 

●Tolerance mechanisms are so strict that approximately 95% of T & B cells undergo apoptosis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 18 - ADAPTIVE SPECIFIC HOST DEFENSES

Page 44



CONCEPT: IMMUNE TOLERANCE 
PRACTICE: The most important function of peripheral tolerance is to: 

a) Eliminate mature B & T lymphocytes that bypassed central tolerance from reacting to self-cells. 
b) Eliminate inactive B & T lymphocytes from peripheral blood. 
c) Eliminate self-reacting B & T lymphocytes before they enter central tolerance.  
d) Eliminate mature B & T lymphocytes from the bone marrow. 

 
 
 
PRACTICE: Where do T cells undergo central tolerance selection? 

a) Bone marrow. 
b) Pancreas. 
c) Thymus. 
d) Liver. 
e) Brain. 

 
 
PRACTICE: What is immunological tolerance?  

a) The ability of the immune system to remove lymphocytes that recognize and attack foreign antigens.  
b) The ability of the immune system to differentiate between self and non-self antigens.  
c) The ability of the immune system to create antibodies that most effectively bind foreign antigens.  
d) The ability of the immune system to tolerate a certain amount of pathogens before triggering an immune response.  

 
 
 
PRACTICE: Which of the following is NOT a consequence of the immune system lacking an immune tolerance?  

a) The immune system cells will only recognize and attack foreign antigens.  
b) The immune system cells will recognize and attack foreign and self-antigens.  
c) The immune system will attack self-cells causing autoimmune diseases.  
d) The immune system will not remove T and B lymphocytes that bind to self-antigens.  
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CONCEPT: REGULATORY T CELLS 
●Regulatory T Cells (Tregs): subset of TH cells that ______________ self-reacting T cells (prevents autoimmune reactions).  
 □ Tregs stop the immune system from overreacting & responding to __________________ substances.  

□ Inhibits the activity of T cells via peripheral tolerance mechanisms during development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is NOT a function of regulatory T cells? 

a) Regulatory T cells contain receptors that remove cytokines required for the growth and proliferation of effector cells. 
b) Regulatory T cells induce apoptosis of effector cells via perforin and granzyme. 
c) Regulatory T cells secret cytokines that reduce the signaling activity of effector T cells. 
d) Regulatory T cells interact with MHC class I APCs and inhibit their maturation. 

 
 
 

PRACTICE: What does it mean when TReg cells control lymphocyte functions via peripheral tolerance?  
a) TReg cells show T and B lymphocytes in the peripheral lymphoid organs which antigens to attack.  
b) TReg cells inhibit T and B lymphocytes that have exited the primary lymphoid organs from attacking self-antigens.  
c) TReg cells control the production of T and B lymphocytes and ensure only cells with immune tolerance proliferate.  
d) TReg cells inhibit T and B lymphocytes that are maturing within the primary lymphoid organs.  
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CONCEPT: NATURAL KILLER CELLS 
●Recall: Natural Killer Cells (NKs): innate lymphocyte cells that do ________ have specificity in antigen recognition.   
 □ Role of NK cell is to destroy infected host cells by recognizing irregular patterns on host cell ________________.  
 □ NKs release perforin & other protease-containing granules to induce ________________ of the infected host cell.  
●NK cells recognize one of 2 irregular patterns on infected host cells: 
 1) Lack of MHC class ____ on the infected host cell (some viruses interfere with antigen presentation). 

2) NKs respond to Fc region of IgG antibodies bound to surface of infected host cell, leading to ADCC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: What is the main difference between natural killer cells & T cytotoxic cells? 

a) Natural killer cells do not need to be activated to target & kill infected host cells, but T cytotoxic cells do.  
b) T cytotoxic cells do not need to be activated to target & kill infected host cells, but natural killer cells do.  
c) T cytotoxic cells bind to antibodies on the surface of host cells & natural killer cells do not.  
d) Natural killer cells are a part of the adaptive immune response & T cytotoxic cells are innate lymphocytes.  

 
 

Via ADCC 
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CONCEPT: NATURAL KILLER CELLS 
PRACTICE: Certain viruses have evolved to be able to avoid detection by cytotoxic T cells. These viruses remove the MHC 
class 1 molecules from the surface of the cell that they are infecting. This ensures that the cytotoxic T cells do not bind to 
the infected cell and kill the cell and the virus within. Which immune cell is specifically designed to recognize these types of 
viral threats?  

a) CD4 effector cells.  
b) T helper cells.  
c) Regulatory T cells.  
d) Natural killer cells.  
e) CD8 effector cells.  

 
 
 
PRACTICE: How are natural killer cells able to kill infected host cells?  

a) NK cells bind to IgG antibodies on the infected cell’s surface and send apoptosis signals to the infected cell.  
b) NK cells send perforin and protease granules to the infected cell triggering apoptosis of the infected cell.  
c) NK cells bind to antigens on the infected cell’s surface and send signals triggering apoptosis of the infected cell.  
d) NK cells mark infected cells for destruction and the infected cell will later be destroyed by cytotoxic t cells.  
e) A and B.  
f) C and D.  
g) D only.  
h) All of the above.  
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CONCEPT: REVIEW OF ADAPTIVE IMMUNITY 
●Let’s review all of the functions that our adaptive immune system preforms to keep us healthy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Why would a person who has their tonsils removed be more susceptible to certain types of infections of the 
throat and respiratory tract? 

a) Tonsils produce high levels of lactoferrin, a strong natural antibacterial compound. 
b) Tonsils produce large amounts of interferons, natural antiviral compounds. 
c) Tonsils are secondary lymphoid organs where immune cells aggregate providing easy immune response to oral 

microbes. 
d) Tonsils are the location where T cells develop and mature. Without tonsils, the T cells would not be able to fully 

mature and the individual’s immune system functions would suffer. 
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CONCEPT: REVIEW OF ADAPTIVE IMMUNITY 
PRACTICE: How are T cell receptors similar in function to B cell receptors? 

a) Both receptors are composed of two chains, a heavy and a light chain. 
b) Both receptors bind epitopes (small unique sections of antigen molecules). 
c) Both bind structures directly on the surface of microbes. 
d) Both can be secreted from lymphocytes to bind to extracellular pathogens. 

 
 
 
 
PRACTICE: Which of the following is not typical of an immunogenic antigen? 

a) Viral protein. 
b) Foreign nucleic acid.  
c) Molecules not made by the host organism. 
d) Cytoplasmic proteins commonly found in host skin cells.  

 
 
 
 
PRACTICE: In opsonization with IgG, why would it be important that IgG react with the antigen BEFORE a phagocytic cell 
recognizes the antibody molecule? 

a) If the IgG is bound to the phagocyte before opsonization, it would most likely be ingested by the phagocyte before it 
could bind to a pathogen. 

b) Binding of IgG by phagocytes would block the antigen binding sites on the IgG molecules, preventing them from 
binding to the microbes. 

c) Binding of IgG by phagocytes changes the conformation of the antibody’s antigen binding site making it less 
effective at binding the correct foreign antigen. 

d) Binding of an antibody by phagocytes results in immediate release of damaging hydrolytic enzymes to the outside 
of the cell which would destroy all remaining antibodies.  
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