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MICROBIOLOGY - OPENSTAX 1E

CH. 17 - INNATE NONSPECIFIC HOST DEFENSES



CONCEPT: INTRODUCTION TO IMMUNITY 

●When our bodies are attacked by microbes, we have various ______________ mechanisms called immunity.  

 □ __________________: ability to eliminate disease-causing microbes & protect against environment (ex. pollen). 

 □ Susceptibility: the _________ of immunity to something.  

 

Innate & Adaptive Immunity 

●There are ____ general types of immunity: 

 1) Innate (Non-Specific) Immunity: routine protection (present at birth) against a __________ range of pathogens. 

 2) Adaptive (Specific) Immunity: components that adapt over time & protect against ______________ pathogens. 

●Although generally taught separately, some parts of innate immunity complement adaptive immunity (and vice versa). 

 

 

 

 

 

 

 

 

PRACTICE: Factors that work generically against any foreign substance entering the host are described as: 

a) Innate immunity.    b)   Specific immunity.    c)   Irregular immunity.  d)   Immune metabolism. 

 

Antigens & Antibodies 

●Antigens & antibodies play a significant role in adaptive immunity. 

 □ _____________: any toxin or foreign substance that induces an antibody immune response. 

 □ Antibody: Y-shaped protein that recognizes & ____________ to an antigen. 
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CONCEPT: INTRODFUCTION TO INNATE IMMUNITY 

●Recall: Innate Immunity: routine protective mechanisms present at birth that protect against a broad range of pathogens. 

 □ Innate immune responses develop fast (within hours) & do _______ require previous exposure to the pathogen.  

●Inflammation: a coordinated set of events that occur when the body detects foreign _______________ or tissue damage. 

 

 

 

 

 

 

 

 

Map of the Lesson on Innate Immunity  

●Innate Immunity has ____ lines of defense: 

1) ______-Line Defenses: prevent microbes from entering tissues in the body. 

2) ______-Line Defenses: cells of innate immunity work to ID & eliminate microbes that bypass 1st line defenses. 

2a) Scanning Systems: _________ body to sense/detect signs of invading microbes (using sentinel cells).  

2b) Innate Effectors: innate actions that ___________________ microbes identified by scanning systems. 
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CONCEPT: INTRODUCTION TO INNATE IMMUNITY 

PRACTICE: Skin and mucous membranes are mostly involved in: 

a) Adaptive immunity.    

b) Autoimmunity. 

c) Irregular immunity. 

d) Innate immunity. 

 

 

PRACTICE: The 1st line of defense that the body uses to prevent infection includes?  

a) Physical barriers to infection (skin).  

b) Chemical barriers to infection (saliva & stomach acid).  

c) Cells of the innate immune system.  

d) Fever and inflammation.  

e) A and B.  

f) C and D.  

 

 

PRACTICE: A patient consumed food contaminated with pathogenic bacteria. However, the patient did not become ill. The 

doctor explained to the patient that the acidity of the patient’s stomach can kill many organisms, including bacteria. This type 

of protection would be classified as?  

a) Adaptive immunity; which provides nonspecific immunity.  

b) Adaptive immunity; which provides immunity against specific pathogens.  

c) Innate immunity; which provides nonspecific immunity. 

d) Innate immunity; which provides immunity against specific pathogens. 

 

 

PRACTICE: Antibodies are a part of which type of immunity and why?  

a) Adaptive immunity; Antibodies recognize specific antigens/pathogens.  

b) Innate immunity; Antibodies are able to recognize any type of antigen/pathogen.  

c) Evolutionary immunity; Antibodies can easily change to recognize any new antigen/pathogen.  
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CONCEPT: INTRODUCTION TO FIRST-LINE DEFENSES 

●Recall: The 1st line defenses are part of _____________ immunity that prevents microbes from entering the body.  

 □ Can be found outside (Ex. skin) OR inside (Ex. earwax) the body depending on its function. 

 □ ______________ body surfaces & mucous membrane by preventing entry of foreign microbes.  

 

 

 

 

 

 

 

 

 

 

 

Map of the Lesson on First-Line Defenses 

●There are ____ general groups within the 1st-line of defense of innate immunity: 

 1) _____________ Barriers  2) ______________ Barriers  3) Host ________________ 

 

 

 

 

 

 

 

 

 

PRACTICE: Which is NOT a component or a process associated with innate immunity? 

a) Skin. 

b) Inflammation. 

c) Antibody production. 

d) Mucous membranes. 
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CONCEPT: PHYSICAL BARRIERS IN FIRST-LINE DEFENSE: SKIN 

●There are ____ primary types of physical barriers of the first-line defense in innate immunity: 

  1) _________   &   2) ___________ Membrane 

□ Epithelial cells: tightly packed skin cells that line the __________________ of the body. 

 

 

 

 

 

 

 

 

 

 

Skin 

●Skin: a physical barrier part in the first-line of defense of innate immunity that is composed of _____ layers. 

 1) Epidermis: _________ surface layer composed of many layers of epithelial cells. 

  □ Outermost layer is composed of _________ cells that contain the water-repelling protein keratin.  

  □ Keratin (Ex. hair & nails) creates a ________ environment on the skin preventing microbial growth. 

  □ Shedding of the outer layer of epidermis removes microbes on the skin by taking them along.  

 2) Dermis: __________ layer of skin cells that is thicker than epidermis. 

  □ Composed of connective tissue that makes it extremely durable and tough to break.  

   

 

 

 

 

 

 

 

 

 

●Under the dermis layer is a layer of fat tissue called the subcutaneous layer that contains blood vessels.  
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CONCEPT: PHYSICAL BARRIERS IN FIRST-LINE DEFENSE: SKIN 

PRACTICE: Which of the following sheds dead cells along with microbes attached to those cells? 

a) Epidermis. 

b) Dermis. 

c) Hypodermis. 

d) Mucous membrane. 

e) Hair follicles. 

 

 

PRACTICE: Examples of 1st line defenses to infection which are components of the innate immune system include all of the 

following except?  

a) Unbroken skin.  

b) Phagocytosis of a pathogen by an immune cell.  

c) Digestive enzymes in saliva.  

d) Destructive acids in gastric juices.  

e) Naturally occurring human microbiome.  

 

 

PRACTICE: Why is keratin an important layer of defense against infection?  

a) Keratin is hydrophobic which keeps the skin & hair dry which decreases microbial growth.  

b) Keratin is the top layer of skin that regularly flakes off, removing microbes from the skin’s surface.  

c) Keratin is the main component of the dermis making it hard to tear which decreases infections from wounds.  
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CONCEPT: PHYSICAL BARRIERS IN FIRST-LINE DEFENSE: MUCOUS MEMBRANE 

●Mucous Membranes: consist of an epithelial layer of cells & connective tissue that produces ___________. 

□ Mucus: slightly viscous glycoprotein fluid produced by _________ cells that prevents lined tracks from drying out. 

□ Mucous membranes line the digestive tract, respiratory tract, & genitourinary tract.  

□ Though we have mechanisms to protect mucous membranes, they’re commonly used by pathogens to enter.  

 

 

 

 

 

 

 

Peristalsis & Mucociliary Escalator  

●Mucous membranes have mechanisms that can __________ microbes to areas where they can be eliminated (Ex. anus). 

 □ ________________: intestinal track contractions moving food, liquids & microbes towards the anus. 

●Mucociliary Escalator: the synchronized movement of __________ that move microbes out of the respiratory tract.  

□ Movement is away from the _________ toward the mouth & are expelled from the body via coughing or sneezing.  

□ Microbes that enter the nasal cavity get trapped in the mucociliary blanket. 

□ Mucociliary Blanket: ciliary cells in the nose and sinuses covered in mucus to trap & remove microbes.  

 

 

 

 

 

 

 

 

 

PRACTICE: Which physical, nonspecific host defense mechanism is associated with the respiratory tract and trachea?  

a) Water-repelling keratin proteins.     c)   Lysozyme enzymes.  

b) Mucociliary escalator.      d)   Salivary amylase.  
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CONCEPT: FIRST-LINE DEFENSES: CHEMICAL BARRIERS 

●Certain types of chemical factors play important roles in the first-line defense mechanisms of innate immunity.  

●WARNING: this part of the lesson may be a little bit gross. 

 

 

 

 

 

 

 

 

 

Chemical Defenses: Sebum Prevents Microbial Growth as a Protective Layer 

●Sebaceous glands: glands on the skin that produce an oily substance called ______________. 

 □ Sebum: chemical barrier that prevents hair from becoming ________ & brittle.  

 □ Contains fatty acids that __________ the pH of the skin thereby preventing growth of certain types of microbes. 

 

 

 

 

 

 

 

 

 

PRACTICE: The ____________ glands create sebum which makes the skin more __________ which decreases microbial 

growth.  

a) Lacrimal glands; basic.  

b) Salivary glands; hydrophobic.  

c) Sweat glands; alkaline.  

d) Sebaceous glands; acidic. 
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CONCEPT: FIRST-LINE DEFENSES: CHEMICAL BARRIERS 

Chemical Defenses: Sweat Glands Prevent Microbial Growth by Perspiration 

●Perspiration: the process of “________________” or release of sweat from sweat glands on the skin. 

 □ Helps __________________ body temperature & removes microbes from the surface of the skin. 

 □ Sweat contains the enzyme ________________ that degrades bacterial cell walls.  

  □ Lysozyme is also found in tears, saliva, urine, mucus & tissue fluids. 

 

 

 

 

 

 

 

 

 

 

 

Chemical Defenses: Earwax Prevents Microbial Growth by Controlling pH 

●Earwax can serve as ________ a physical & chemical barrier in the first-line defenses. 

 □ It can physically prevent microbe entry into the ear & it can control the ______ of the environment. 

 □ Earwax: a mixture that contains sebum (rich in fatty acids) that __________ the pH to inhibit microbial growth.  

  □ Also contains many _________ cells from the ear canal that contain keratin.  

 

 

 

 

 

 

 

PRACTICE: Lysozyme is effective at destroying bacteria pathogens because it does what?  

a) Waterproofs skin.      c)    Hydrolyzes peptidoglycan cell walls. 

b) Disrupts the bacterial cell membrane.    d)    Propels the cilia of the gastrointestinal tract.  
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CONCEPT: FIRST-LINE DEFENSES: CHEMICAL BARRIERS 

Chemical Defenses: Saliva Can Prevent Microbial Growth 

●Saliva: a complex mixture containing enzymes that ______________ microbial growth (ex. lysozyme).  

 □ Recall: ____________________: enzyme that degrades the peptidoglycan layer of bacterial cell walls.  

 

 

 

 

 

 

 

 

 

 

Chemical Defenses: Gastric Juice Prevents Microbial Growth by Lowing pH  

●__________ Juice: mixture of hydrochloric acid (HCl), enzymes (Ex. lysozyme), & mucous in the stomach. 

□ Highly _________ solution that lowers the pH of the stomach killing MOST bacteria & inactivating most toxins. 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following statements about the defensive roles of saliva and gastric juices are true?  

a) Saliva’s main function is to move microbes through and out of the gastrointestinal system.  

b) Saliva possesses enzymes that inhibit microbial growth and digest microbes. 

c) Gastric juice’s main function is to destroy microbes and toxins eaten by the host.  

d) Gastric juice is incredibly acidic which breaks down most pathogens.  

e) All of the above are true statements.  
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CONCEPT: FIRST-LINE DEFENSES: CHEMICAL BARRIERS 

Antimicrobial Peptides  

●Antimicrobial Peptides (AMPs): ___________ chains of amino acids with antimicrobial activity. 

 □ Found in many organism types & are generally made in response to an invading microbe.  

 □ Many types of AMPs including: defensins, bacteriocins, cathelicidin, dermicidin, & histadins. 

●Defensins: positively charged AMPs that damage microbial membranes by inserting into them causing __________. 

 □ Produced by ____________________ cells to protect the skin & mucous membrane to prevent an infection.  

  

 

 

 

 

 

 

 

PRACTICE: Defensin antimicrobial peptides kill microbes by: 

a) Blocking protein synthesis. 

b) Blocking DNA synthesis. 

c) Lowering cellular pH levels. 

d) Disrupting or destroying the cell membrane. 

 

PRACTICE: All of the following are chemical defenses against microbial infection except which of these answers? 

a) Bodily environments with acidic pH to inhibit microbial growth or kill microbes.  

b) Synchronized movement of mucus and microbes within the mucus out of the body.  

c) Bodily fluids containing digestive enzymes to degrade invading microbes.  

d) Positively charged amino acid chains that destroy cell membranes of invading microbes. 

 

PRACTICE: What property of antimicrobial peptide allows them to disrupt bacterial cell surfaces? 

a) Net positive charge.    c)   Short peptide length. 

b) Presence of disulfide bonds.   d)   Large amount of hydrophobic residues. 
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CONCEPT: FIRST-LINE DEFENSES: NORMAL MICROBIOTA  
●Normal Microbiota (____________): population of resident microbes that grow in & on the bodies of healthy humans.   
 □ Part of the first-line defenses in innate immunity & is essential to immune development during/after __________.  
 □ Some members of microbiota protect us by _______________ attachment sites used by pathogenic microbes. 
 □ Some members of microbiota produce chemicals that are ___________ to pathogenic bacteria. 
 □ Can be disrupted when ________biotics are used, which can make the person susceptible to various infections.  
●Probiotics: _________ microbe cultures that are applied or ingested, thereby benefiting the normal microbiota.  
 □ ________biotics: chemicals that promote the growth of beneficial microbes consumed with probiotics.  
 
  
 
  
 
 
 
 
 
 
 
 
PRACTICE: Normal microbiota: 

a) Are the organisms that typically reside on and in your body. 
b) Protect against infection by pathogens. 
c) Enhance infection by pathogens. 
d) Play no role in affecting pathogen growth. 
e) A and B. 
f) C and D.  

 
PRACTICE: The human body typically begins to be colonized by its normal microflora: 

a) Before birth, in utero.     d)   During and immediately after birth. 
b) When a child first goes to school.   e)   When an infant gets its first infectious disease.  
c) During puberty. 
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CONCEPT: INTRODUCTION TO CELLS OF THE IMMUNE SYSTEM 

●Recall: The 2nd line of defense of innate immunity involves _____ main types of cells. 

1) Sentinel Cells: look-out or guard cells part of the __________________ system that detect invading microbes.  

2) Innate Effectors: security responses that __________________ microbes identified by scanning systems. 

 

 

 

 

 

 

 

 

 

 

Hematopoiesis 

●There are many different types of immune system cells developed from stem cells.  

●Hematopoiesis: development of all blood cells from hematopoietic __________ cells found in bone marrow.  

 □ Hematopoietic stem cells first differentiate into common myeloid or lymphoid ______________________ cells. 

 □ Common myeloid & lymphoid progenitor cells then differentiate into all ____________ types of blood cells.  
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CONCEPT: INTRODUCTION TO CELLS OF THE IMMUNE SYSTEM 

PRACTICE: In humans, stem cells from which all blood cell types are developed are found in the: 

a) Peripheral circulation.   c)   Lymphatic vessels. 

b) Bone marrow.    d)   Lymph nodes. 

Map of the Lesson on Cells of the Immune System  

●There are _____ major types of blood cells that differentiate from common myeloid OR lymphoid progenitor cells: 

 1) Red Blood Cells (Erythrocytes): carry oxygen gas (______) throughout the blood.  

 2) Platelets: important for blood ___________________.  

3) ___________ Blood Cells (Leukocytes): important for the host’s immune system. 

 □ Can be divided into ____ groups (granulocytes & agranulocytes). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: The hematopoietic stem cell has the ability to develop into which of the following cell types?  

1. Macrophage.     2.   Red Blood Cell.         3.    Neutrophil.               4.    B Cell.               5.   Dendritic cell.  

a) 2 & 4.  

b) 1, 2, & 5.  

c) 1, 3, 4, & 5.  

d) 1, 2, 3, 4, & 5.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: GRANULOCYTES 

●Granulocytes: white blood cells with visible cytoplasmic ___________. 

 □ Granules: contain compounds used for protective functions & are visible under a light microscope. 

●There are ______ types of granulocytes named based on the staining properties of their granules: 

 1) Neutrophils: have a nucleus with 5 lobes & small granules which do ______ stain well.   

  □ Also known as: PolyMorphonuclear Neutrophils (________s). 

 2) Eosinophils: have 2-3 lobes in the nucleus & large granules that stain a ______/orange color.  

 3) Basophils: have a two-lobed nucleus & large granules that stain a dark _________/purple color.  

 

 

 

 

 

 

 

 

 

Neutrophils  

●Neutrophils are the most ________________ type of leukocyte in the blood (can make up to 70% of all leukocytes). 

 □ Migrate to different locations via __________stream & are often first to respond to infection or tissue damage. 

 □ Granules contain variety of defensins & hydrolytic enzymes that ___________ microbes. 

 □ Granules can be ____________ from the cell (degranulation) or used to destroy microbes during phagocytosis.   

□ Phagocytosis: process of ____________ & digesting material including invading microbes (cell “eating”).   

 □ Can also release neutrophil extracellular traps (NETs) or webs of chromatin that ________ infecting microbes.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: GRANULOCYTES 

PRACTICE: Which granulocyte is the first to respond to an infection, has hydrolytic enzymes in its granules, and possesses 

the ability of phagocytosis?  

a) Basophil.     c)    Neutrophil.  

b) Eosinophil.      d)    Macrophage.  

Eosinophils 

●Primary role of Eosinophils is to protect against parasitic __________ (helminths). 

 □ Granules have antimicrobial substances that bind parasites & enzymes that disrupt membrane permeability.  

 □ Can also cause some symptoms associated with ________________. 

 

 

 

 

 

 

 

 

 

Basophils 

●Basophils: are also involved in allergic reactions & inflammation response during infection.  

 □ Produce __________________ that are released during inflammation to increase capillary permeability.  

  □ Allows other defense cells to easily _________ the bloodstream & enter an infected area of the host.  

 □ ___________ Cells: similar in function to basophils but are found inside tissues rather than circulating the blood.  

  □ Detects tissue damage, degranulates to release histamine, which induces inflammation.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: GRANULOCYTES 

PRACTICE: Which of the following is a phagocytic cell found in the human body? 

a) Eosinophil.  

b) Neutrophil. 

c) Basophil. 

d) T cell. 

 

 

PRACTICE: Which of the following answers are characteristics or roles of granulocytes?  

a) Release of hydrolytic enzymes that damage bacterial cell membranes.  

b) Production and release of histamines which increases capillary permeability.  

c) Release antimicrobial substances that damage the membranes of parasites.  

d) Phagocytose invading microorganisms.   

e) All of the above.  

 

 

PRACTICE: White blood cells are referred to as _________. 

a) Platelets. 

b) Erythrocytes. 

c) Leukocytes. 

d) Megakaryocytes. 

 

 

 

PRACTICE: Two immune cells have very similar functions. Both immune cells release histamine and induce inflammation. 

However, _________ cells reside in specific tissues, while _________ cells travel through the blood stream.  

a) Mast cells; Basophil cells.  

b) Basophil cells; Neutrophil cells.  

c) Granulocyte cells; Basophil cells.  

d) Eosinophil cells; Dendritic cells.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: GRANULOCYTES 

PRACTICE: In type I allergic reactions, antibodies are produced and bind to: 

a) Mast cells. 

b) Neutrophils. 

c) Eosinophils. 

d) Monocytes. 

 

 

PRACTICE: Granulocytes: 

a) Travel through the lymphatic system. 

b) Are the most numerous leukocyte in circulation. 

c) Develop in the thymus. 

d) Do not contain distinct granules in their cytoplasm. 
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: AGRANULOCYTES  
●Agranulocytes: white blood cells with cytoplasmic granules that are _______ visible under a light microscope. 
●There are ____ types of agranulocytes: 

1) _____________: leukocytes that circulate the blood & can develop into macrophages or dendritic cells.  
2) Lymphocytes: includes leukocytes involved in ______________ immunity (covered in separate video).  

   
 
 
 
 
 
 
 
 
 
 
Monocytes 
●Monocytes develop into one of _____ types of phagocytic cells: 
 1) Macrophages: phagocytic, sentinel cells that respond directly to an infection & can alert other host defenses.   
  □ _______________ Macrophages: reside permanently in specific tissues (remain stationary in tissues). 
  □ Wandering Macrophages: ____________ through the blood to other sites of infection. 
  □ Giant Cells: macrophages fused together to increase their destructive ability.  
 2) Dendritic Cells: sentinel cells with long appendages that reside in tissues & alert/initiate adaptive immunity. 

□ __________ pathogens in tissues, then present them to cells of the adaptive immune system.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: AGRANULOCYTES  
PRACTICE: All of the following are major differences between macrophages & neutrophils except which of these answers?  

a) Macrophages can perform phagocytosis while neutrophils cannot.  
b) Macrophages kill microbes by “eating” them. Neutrophils kill microbes with hydrolytic enzymes and/or phagocytosis.  
c) Neutrophils circulate the bloodstream while resident macrophages reside in tissues.  
d) Neutrophils are granulocytes while macrophages are agranulocytes.  

 
PRACTICE: Monocytes can differentiate into which types of immune cells?  

a) Basophils & macrophages.    c)    Macrophages & dendritic cells. 
b) Neutrophils & dendritic cells.    d)    Mast cells & macrophages. 

Introduction to Lymphocytes 
●Recall: Lymphocytes: includes leukocytes involved in ________________ immunity (covered in other videos).  
 □ 2 major groups of lymphocytes: 1) ____ cells & 2) ____ cells  

□ Both respond to ________________ antigens of invading microbes.  
   
  
 
 
 
 
 
 
 
●HOWEVER, a group of lymphocytes (innate lymphoid cells) differ from B & T cells since they are part of innate immunity. 

□ Innate Lymphoid Cells (ILCs): differ from B & T cells due to a _________ of specificity in antigen recognition.  
 □ An example of ILCs are Natural Killer Cells (_______s) that kill a variety cell types. 
 
PRACTICE: Why is a bone marrow transplant used to replace defective lymphocytes in a patient?  

a) Bone marrow creates common myeloid progenitor cells which differentiate into lymphocytes.  
b) Bone marrow creates monocytes which differentiate into lymphocytes.  
c) Bone marrow creates hematopoietic stem cells which differentiate into all immune cells including lymphocytes.  
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CONCEPT: CELLS OF THE INNATE IMMUNE SYSTEM: AGRANULOCYTES  
PRACTICE: Which of the following immune cells is NOT a professional phagocyte? 

a) NK cell. 
b) Neutrophil. 
c) Macrophage. 
d) Dendritic cell. 

 
 
PRACTICE: Which of the following are referred to as mononuclear phagocytes? 

a) Lymphocytes and basophils. 
b) Mast cells and eosinophils. 
c) Basophils and eosinophils. 
d) Monocytes and macrophages. 
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CONCEPT: INTRODUCTION TO CELL COMMUNICATION 

●Cells of the immune system must ________________________ to coordinate attacks on invading microbes. 

 □ Communication is critical for innate scanning systems to detect & alert/activate other immune components. 

 

Map of the Lesson on Cell Communication 

●There are _____ components important for cell communication: 

 1) Cell Surface Receptors.  2) Adhesion Molecules.  3) Cytokines.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is a form of cell communication that may be used during an immune response?  

a) Cells infected with a virus sending signals to prepare neighboring cells for viral infection.  

b) Electrical signals traveling between the cells of the heart to cause heart muscle contractions.  

c) Growth hormones signaling to the cells to increase tissue growth.  

d) Stress hormones triggering the “fight or flight” response in the body.  
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CONCEPT: CELL COMMUNICATION: SURFACE RECEPTORS & ADHESION MOLECULES 

●Cell surfaces contain many types of ______________ proteins & adhesive molecules for communication during infection. 

 □ These allow cells of the immune system to signal an infection & migrate to that location in the body.  

 

Cell Surface Receptors 

●Surface Receptors: proteins on the cell surface that allow a cell to sense & ________________ to external signals. 

 □ Protein spans the entire ___________________ membrane, connecting the outside & inside of the cell.  

 □ Each receptor has a specific molecule it will bind to called a ____________ that elicits a response inside the cell.  

 □ Cells alter the number/type of receptor allowing them to change the response rate/sensitivity to a certain ligand.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is likely to be a response by a receptor protein to an approaching signal molecule? 

a) Recognize the receptor protein having the correct 3-D shape. 

b) Receptor protein binds to signal if having complementary shape. 

c) Once a signal binds to a receptor protein it induces a change in the receptor protein's shape. 

d) Change in the receptor protein's shape results in a cellular response to the signal. 

e) All of the above are correct. 

 

PRACTICE: Which of the following statements about cell surface receptors is incorrect?  

a) Cell surface receptors can span the entire plasma membrane connecting the exterior and interior cell environments.  

b) Once differentiated, cells cannot change the number or type of cell surface receptors that they possess.  

c) A cell has a wide range of surface receptors to allow it to respond to varying types of signals.  

d) The immune system uses ligands and cell surface receptors to provide immune support for infected tissues.  
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CONCEPT: CELL COMMUNICATION: SURFACE RECEPTORS & ADHESION MOLECULES 

Adhesion Molecules 

●Adhesion Molecules: cell surface proteins involved in _____________ to other cells.  

 □ Immune system cells __________ to adhesion molecules of endothelial cells lining blood vessels to enter tissues. 

 □ Cells also use them to attach to other cells & ______________ deliver signaling molecules.  

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Why are adhesion molecules considered a form of cell communication in immune responses?  

a) Adhesion molecules allow immune cells to attach to infected cells & signal immune responses.  

b) Adhesion molecules allow immune cells to attach to endothelial cells & trigger immune cell entry into tissues.  

c) Adhesion molecules act as channels that allow signals to travel between two neighboring cells.  

d) Adhesion molecules are signals sent from immune cells to infected cells to trigger apoptosis.  

e) A and B.  

f) C and D.  

g) All of the above.  

 

PRACTICE: If the endothelial cells of the blood vessels in the body did not possess adhesion molecules, which of the 

following would occur?  

a) The immune cells which respond to infection or injury would not be able to leave the blood stream. 

b) The immune cells would not be able to detect where the infection is in the body.  

c) The immune cells would not be able to phagocytose the infecting microbes and damaged tissue.  

d) The blood vessels would adhere to the immune cells allowing them entry to infected regions of the body.  
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CONCEPT: CELL COMMUNICATION: CYTOKINES 

●Cytokines: a broad group of soluble _______________ that are the communication signals between cells.  

□ Regulates intensity & duration of an ______________ response by recruitment of cells (Ex. phagocytic cells). 

□ Binding to a cell induces cellular changes such as movement, differentiation, or cell _________. 

 □ Different types of cytokines induce different effects on a cell when bound. 

 

 

 

 

 

 

 

 

Types of Cytokines 

●Chemokines: cytokines that allow for ___________________ (movement of a cell towards or away from a signal). 

  □ ____________ immune cells so they can travel to infection sites.  

●Colony-Stimulating Factors: stimulate growth & differentiation of immature _______________ in bone marrow. 

●Interferons (_______s): provides antiviral effects (defense against viruses) to neighboring cells. 

●___________ Necrosis Factor (TNF): primary role is killing tumor cells but also initiates the inflammatory response. 

 □ Can also initiate ________________ (programmed cell death) in infected cells.  

●Interleukins: cytokines that serve as communication molecules between leukocytes. 
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CONCEPT: CELL COMMUNICATION: CYTOKINES 

PRACTICE: How do cytokines function? 

a) They bind directly to microbes to enhance their chance of being ingested (phagocytosed). 

b) They are secreted in the phagolysosomes of macrophages to kill ingested microbes. 

c) They are secreted by one cell and trigger cellular response in another cell. 

d) They work as a complex of proteins to produce a hole in microbial cell membranes to lyse them. 

 

PRACTICE: Which type of cytokine is used to recruit immune cells to the site of infection, inflammation, or tissue damage?  

a) Interferons.  

b) Chemokines.  

c) Interleukins.  

d) Tumor necrosis factors.  

Types of Interleukins 

●Recall: Interleukins are ____________________ that serve as communication molecules between leukocytes. 

●There are many types of interleukins (ILs) including: 

 

 

 

 

 

 

 

 

 

 

PRACTICE: If the body needs to stimulate the production and proliferation of B cells, which type of interleukin signal would 

it use?  

a) IL-2.  

b) IL-6.  

c) IL-4.  

d) IL-1.  
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CONCEPT: CELL COMMUNICATION: CYTOKINES 

PRACTICE: The "voices" of a cell, which carry messages, are: 

a) Surface receptors. 

b) Platelets. 

c) Cytokines. 

d) Antigens. 

 

 

 

PRACTICE: In what process is tumor necrosis factor (TNF) not involved? 

a) Chemotaxis of phagocytes. 

b) Fever. 

c) The inflammatory response. 

d) The classic complement pathway. 

 

 

 

PRACTICE: During presentation of APC-bound antigen, macrophages and dendritic cells secrete the cytokine _____, which 

activates T helper cells. 

a) Interferon. 

b) Interleukin-1. 

c) Interleukin-2. 

d) Histamine. 
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CONCEPT: PATTERN RECOGNITION RECEPTORS (PRRs) 

●Pattern Recognition Receptors (_______s): receptors of immune cells that sense/detect signs of microbial invasion.  

□ There are many types of PRRs that detect signs of microbial invasion in ___________________ areas:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAMPs & DAMPs 

●Immune cells use PRRs to _____________ different types of signs that indicate microbial invasion or host cell damage: 

 □ Microbe/Pathogen-Associated Molecular Patterns (MAMPs/PAMPs): signs of _____________ or pathogens.  

  □ Examples: lipopolysaccharide (LPS), peptidoglycan, viral nucleic acids, fungal cell walls, & flagellin. 

 □ Damage-Associated Molecular Patterns (DAMPs): signs that indicate host cell _______________. 
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CONCEPT: PATTERN RECOGNITION RECEPTORS (PRRs) 

PRACTICE: Which of the following are PRRs least likely to detect?  

a) Glycolysis enzymes.    d)    Lipopolysaccharide.  

b) Peptidoglycan.     e)    Foreign nucleotide sequences.  

c) Flagellin.  

 

Toll-Like Receptors (TLRs) 

●The most well-characterized type of PRRs are _______-like receptors. 

□ Toll-Like Receptors (TLRs): PRRs used to detect MAMPs _______________ the cell or ingested by the cell. 

□ TLRs can be found on the cell ______________ OR in the membranes of endosomes & phagosomes. 

 □ TLRs face outward on cell surface BUT face inward to monitor what is engulfed via endo/phagocytosis.   

  □ Recognize microbial ____________ acids (Ex. dsRNA) not common in the host cell.    

 □ Microbial invasion detected by TLRs initiates an immune response.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Toll-like receptors (TLRs) bind molecules on pathogens. Why is this helpful to the immune response? 

a) It provides a highly specific response to very small and highly unique areas on an individual pathogenic microbe, 

providing the most specific and selective response possible. 

b) It provides a general response to broad categories of molecules/cells that should NOT be in our system, as we 

don't have these molecules on our own cells. 

c) These secreted molecules help bind pathogens and then direct them to receptors on the immune system cells that 

are best capable of eliminating them from our systems. TLRs are delivery mechanisms for the immune responses. 

d) TLRs are capable of directly lysing (destroying) the microbes, helping our immune responses by eliminating 

pathogens. 
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CONCEPT: PATTERN RECOGNITION RECEPTORS (PRRs) 

C-Type Lectin Receptors (CLRs) 

●Another type of PRR located on the cell surface are the ____-type lectin receptors. 

□ C-type Lectin Receptors (______s): cell surface PRRs that bind to carbohydrate MAMPs on microbial surfaces. 

 □ Lectins: proteins that bind to specific _________________________.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is not considered a MAMP (Microbe/Pathogen-Associated Molecular Pattern)? 

a) Carbohydrates on microbial surfaces.    c)     Damaged host cell DNA.  

b) Peptidoglycan from gram + bacteria.    d)     Lipopolysaccharide (LPS).  

 

Nucleotide-binding & Oligomerization Domain (NOD)-Like Receptors 

●NOD-Like Receptors (NLRs): ________________ receptor proteins that detect intracellular MAMPs or DAMPs. 

 □ Play an important role in the immune response of macrophages & dendritic cells.  

 □ When NLRs detect MAMPs, they combine with cytoplasmic proteins to form an _______________________. 

  □ Inflammasome: activates pro-inflammatory cytokine production leading to ______________________.  

 

 

 

 

 

 

 

 

MICROBIOLOGY - OPENSTAX 1E

CH. 17 - INNATE NONSPECIFIC HOST DEFENSES

Page 31



CONCEPT: PATTERN RECOGNITION RECEPTORS (PRRs) 

PRACTICE: Why are NOD-like receptors (NLRs) important for macrophage cells?  

a) Macrophages commonly ingest infectious material and use NLRs to detect intracellular MAMPs.  

b) Macrophages are unstable and commonly have intracellular damage and use NLRs to detect DAMPs.  

c) Macrophages use NLRs to detect MAMPs which triggers the formation of RIG-like receptors.  

d) Macrophages are the only cells able to detect viral infection and use NLRs to detect viral RNA.  

 

Retinoic acid Inducible Gene (RIG)-Like Receptors  

●A second type of cytoplasmic PRR that detects _____________________ MAMPs are the RIG-like receptors. 

 □ RIG-Like Receptors: cytoplasmic proteins that detect __________ RNA & are found in most types of host cells.  

 □ Distinguishes between host and viral RNA by _____ features: 

  1) Viral RNA can be ________________-stranded & host RNA is not.  

  2) Host cell RNA has a ____’ cap & viral RNA does not. 

    

 

 

 

 

 

 

 

 

 

 

PRACTICE: What defining features of viral RNA allows the RIG-like receptors to distinguish infecting viral RNA from the 

host cell’s RNA? 

a) Viral RNA has a 5’ cap while host cell RNA does not.  

b) Viral RNA has a poly-A tail while host cell RNA does not.  

c) Viral RNA can be double stranded while host cell RNA is single stranded.  

d) Viral RNA has a circular formation while host cell RNA is linear.  

e) None of the above. 
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CONCEPT: PATTERN RECOGNITION RECEPTORS (PRRs) 

PRACTICE: In addition to peptidoglycan, which molecule(s) unique to bacteria would PRRs recognize?  

a) Lipopolysaccharide (LPS).     e)    A and C.  

b) Fungal cell walls.      d)    B and D.  

c) Flagellin proteins.      f)     All of the answers would be recognized by PRRs.  

d) Tubulin proteins found in cilia.  

 

PRACTICE: Toll-like receptors are receptor proteins on ___________.  

a) Granulocytes that destroy parasitic helminths.  

b) Phagocytes that recognize foreign or microbe-associated molecules.  

c) Viruses entering the body which stimulate the immune system.  

d) Mucus producing cells that trigger mucus production when they bind with an allergen.  

 

PRACTICE: Which type of pattern recognition receptor when bound to MAMPs triggers the formation of the inflammasome?  

a) NOD-Like Receptors.  

b) RIG-Like Receptors.  

c) Toll-Like Receptors.  

d) C-Type Lectin Receptors.  

 

PRACTICE: Toll-like receptors: 

a) Are cytokines. 

b) Each recognize a specific "danger" molecule. 

c) Are embedded in cellular membranes. 

d) Are part of adaptive immunity. 

e) b and c. 

 

PRACTICE: ______ on phagocytes bind to PAMPs on bacteria, triggering uptake & destruction of the bacterial pathogens? 

a) PRRs.     c)   AMPs. 

b) PAMPs.     d)   PMNs. 

c)  
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CONCEPT: INTRODUCTION TO THE COMPLEMENT SYSTEM 

●_______________ System: system of inactive proteins in blood initiating immune response when activated by infection. 

 □ Signals of microbes during infection activate proteins & a cascade of reactions generates a ________________. 

 □ Responses include removal of invading microbes & inflammation. 

 □ Is not adaptable & it is considered part of ______________ immunity. 

  □ HOWEVER, it “complements” (acts in combination with) _____________ response of adaptive immunity.  

 □ Activated by one of 3 pathways:    1) Alternative         2) Lectin         3) Classical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: What does the word “complement” mean in the name complement system?  

a) This is a system of proteins that complements or enhances the abilities of the immune system to kill microbes.  

b) This is a system of proteins that replaces the innate immune system when the infection is too extreme.  

c) This is a system of proteins that competes with the adaptive immune system to kill pathogens.  

 

PRACTICE: Which of the following are results of activation of the complement system?  

1. Removal or destruction of microbes.   2.    Inflammation.  3.    Production of antibodies.  

a) 2 only.       c)    3 only.  

b) 1 and 2.      d)    1, 2, and 3.  
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CONCEPT: INTRODUCTION TO THE COMPLEMENT SYSTEM  

Proteins of the Complement System 

●Complement proteins are designated with a letter _____ & numbered C1-C9 (order of discovery). 

□ Proteins remain _____________ until fragmented (activated fragments indicated by lowercase a & b).  

●______ is a critical, inactive complement protein that is activated by C3 convertase. 

□ C3 convertase: enzyme that activates C3 by hydrolyzing (or fragmenting) it into C3___ & C3___.  

□ C3a & C3b interact with other complement system components causing an _______________ response.  

  □ Recall: Immune responses to complement activation include opsonization, cell lysis, & inflammation.  

 

 

 

 

 

 

 

 

 

PRACTICE: If the complement proteins are always present in the body, then why are the results of the complement system 

not always occurring?  

a) The complement system proteins need to be activated by the invasion of a microbe.  

b) The complement system proteins are held in the lymph nodes until an infection occurs.  

c) The complement system proteins are inactive until cleaved by another complement protein.  

d) The complement system proteins are not always present and only translated when an infection occurs.  

e) A and B.  

f) A and C.  

g) D only.  

 

PRACTICE: Place the steps of the complement system in the correct order (Order steps 1-3).  

_____ Opsonization, cell lysis of microbes, or inflammation occurs.  

_____ C3 convertase splits C3 into C3a and C3b.  

 _____ C3a and C3b recruit other complement proteins to create an immune response.  
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CONCEPT: INTRODUCTION TO THE COMPLEMENT SYSTEM  

Map of the Lesson on the Complement System  

●Activation of the complement system can be initiated by one of _____ different pathways: 

 1) Alternative Pathway   2) Lectin Pathway   3) Classical Pathway 

●Each pathway differs in initiation; however, all 3 pathways result in formation of the enzyme _______ convertase. 

 □ Results in 3 possible effects:   1) opsonization        2) cell lysis of invading microbe        3) inflammatory response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: How do the three pathways of the complement system differ?  

a) The pathways differ in the resulting immune response they trigger.  

b) The pathways differ in the complement proteins that they activate.  

c) The pathways differ in what triggers the initiation of the pathway.  

 

 

PRACTICE: The possible effects of the lectin pathway of the complement system are?  

a) C3 convertase formation.  

b) Opsonization of infecting microbes.  

c) Cell lysis of infecting microbes.  

d) Triggering the inflammatory response.  

e) All of the above. 
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CONCEPT: ACTIVATION PATHWAYS OF THE COMPLEMENT SYSTEM 
●Recall: activation of the complement system occurs by one of _____ different pathways: 
 1) ________________ Pathway  2) ___________ Pathway 3) ________________ Pathway 
 
 
 
 
 
 
 
 
 
 
1) Alternative Pathway 
●Alternative Pathway: activated when complement protein C3b binds to surface molecules of invading microbes.  

□ Binding attracts additional complement proteins to bind, eventually forming C3 ___________________. 
□ Hydrolyzes C3 into _______ & _______ leading to additional steps of the activation cascade.   

  □ Amplifies the pathway cleaving more _______ to create more C3b that binds the microbe.  
   

 
 
 
 
 
 
 
 
PRACTICE: The initiation pathways of the complement system result in the formation of C3 convertase and the cleaving of 
C3 into C3a & C3b. Where does C3b in the alternative pathway come from if C3 convertase has not yet been created?  

a) C3 can spontaneously cleave into C3a and C3b.  
b) C3 convertase can spontaneously form and in turn cleave C3 into C3a and C3b.  
c) Many microbes already have C3b embedded in their plasma membranes.  
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CONCEPT: ACTIVATION PATHWAYS OF THE COMPLEMENT SYSTEM 
PRACTICE: The alternative pathway resulting in the formation of C3 convertase and the splitting of C3 into C3a and C3b. 
C3a triggers the inflammatory response. What is the function of C3b created by the alternative pathway?  

a) Opsonization of invading microbes.  
b) Cell lysis of invading microbes.  
c) Binding to invading microbes further stimulating the alternative pathway.  
d) Combing with other complement proteins to form the inflammasome.  
e) A and B.  
f) C and D.  
g) A, B, and C.  

 
2) Lectin Pathway  
●Lectin Pathway: activates complement system with pattern recognition molecules called ____________-binding lectins. 
 □ Mannose-Binding Lectins (______s): lectins that bind to specific arrangements of mannose. 

□ Mannose is commonly found on bacterial & fungal cell surfaces. 
 □ Bound MBLs interact with fragments of activated complement proteins forming a ______ convertase.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following choices would not be able to stimulate the lectin pathway of the complement system?  

a) Flu virus with lectins found in the viral membrane.  
b) E. coli with mannose found in the bacterium’s cell walls.  
c) Yeast with mannose found in the fungi’s cell walls.  
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CONCEPT: ACTIVATION PATHWAYS OF THE COMPLEMENT SYSTEM 
3) Classical Pathway 
●Classical Pathway: activates complement system using __________________ created in adaptive immunity. 
 □ Recall: Antigens: any toxin or foreign substance that induces an antibody immune response. 
  □ Antibody: Y-shaped protein that recognizes & binds to an antigen. 
●During classical pathway, antibodies interact with activated complement proteins to form _____ convertase. 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is not a mechanism that triggers the complement system?  

a) C3b binding to the surface of invading microbes.  
b) Antibodies binding to antigens found in the surface of invading microbes.  
c) Mannose-binding lectins binding to mannose on the surface of invading microbes.  
d) C3 convertase binding to the surface of invading microbes.  

 
PRACTICE: Which of the following initiation pathways of the complement system specially complements and enhances the 
adaptive immune system?  

a) Lectin pathway.      c)    Alternative pathway.  
b) Classical pathway.     d)   Adaptive pathway.  

 
PRACTICE: Which of the following initiation pathways of the complement system specially binds to carbohydrate molecules 
that are uniquely found on bacterial and fungal cell surfaces?  

a) Lectin pathway.   b)   Classical pathway.  c)    Alternative pathway.  d)   Adaptive pathway. 
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CONCEPT: EFFECTS OF THE COMPLEMENT SYSTEM 
●Recall: Activation of the complement system results in ____ possible effects/immune-responses:  

1) _________________  2) Microbe Cell _________  3) ____________________ Response 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) Opsonization 
●Opsonization: process that makes microbes easier to bind/engulf during ______________________.  
 □ Microbes are coated with opsonins. 

  □ ________________: molecules recognized by cell surface receptors of phagocytic cells. 
 □ C3____ is an opsonin that binds microbes & makes phagocytosis easier for phagocytic cells.  
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CONCEPT: EFFECTS OF THE COMPLEMENT SYSTEM 
PRACTICE: A pathogenic bacterium that is able to avoid binding with the complement protein C3b would most likely protect 
itself from which of the following immune responses?  

a) Cell lysis of the bacterium.  
b) Opsonization.  
c) Triggering an inflammatory response.  
d) Antibodies binding to the bacterium.  

 
2) Cell Lysis of Invading Microbes 
●Multiple complement system proteins form a complex in cell ________________ called membrane attack complexes.  
 □ Membrane Attack Complexes (_______s): multiple complement system proteins that create pores in the cell. 
  □ Pores in cell membranes cause microbes to die by cell _________.  
 □ Effective against gram-_____________ bacteria, but NOT gram-positive bacteria (thick peptidoglycan cell walls). 
 □ Components of the complement system involved in MAC formation include C5 - C___.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: The complement system can lead to the removal or destruction of invading microbes and the inflammatory 
response. Which immune response of the complement system is not effective against gram-positive (+) pathogenic 
bacteria?  

a) Opsonization of invading microbe.  
b) Inflammatory response.  
c) Cell lysis of invading microbe.  
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CONCEPT: EFFECTS OF THE COMPLEMENT SYSTEM 
PRACTICE: How do membrane attack complexes cause cell lysis of invading microbes?  

a) The complexes attack the cell walls of the microbe causing it to be vulnerable to attack by immune cells.  
b) The complexes form pores in the cell membrane of the microbe causing the cytoplasmic contents to leak out.  
c) The complexes attack the cell surface receptors of the microbe triggering the cell membrane to degrade.  

 
3) Inflammatory Response 
●In order to contain site of damage, eliminate microbes, & restore tissue damage, the inflammatory response may occur.  
 □ Recall: Inflammation: an _______________ immune response characterized by swelling, redness, heat, & pain. 
 □ C3a & C5a induce changes in epithelial cells lining blood vessels causing them to __________ (enlarge). 

□ Dilation allows additional complement proteins & immune cells to leave the blood & enter infected site.  
 □ C3a & C5a also cause mast cells to degranulate, releasing _______-inflammatory cytokines.  
 

 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following cellular responses does not occur due to the inflammatory response?  

a) Mast cells degranulate releasing histamines.  
b) Epithelial cells change shape allow blood vessels to dilate.  
c) Macrophages pass through the epithelial cells of blood vessels to the site of injury.  
d) Neutrophils form membrane attack complexes to attack invading microbes.  

 
PRACTICE: The main complement proteins involved in the inflammatory response of the immune system are?  

a) C3a and C3b.      c)    C5a and C5b.  
b) C3a and C5a.      d)    C5a and C3b.  
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CONCEPT: REVIEW OF THE COMPLEMENT SYSTEM 
 ●Now let’s review the activation pathways & responses of the complement system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements about the complement system is true?  

a) There are many methods of triggering the complement system.  
b) There are many immune responses triggered by the complement system.  
c) All triggers of the complement system lead to the formation of C3 convertase.  
d) C3a and C3b result in different immune response for the complement system.  
e) All of the above are true.  
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CONCEPT: REVIEW OF THE COMPLEMENT SYSTEM 
PRACTICE: Which complement molecule is an attractant for neutrophils? 

a) C4b. 
b) C5a. 
c) C3b. 
d) C7a. 

 
 
PRACTICE: The key molecule upon which all complement pathways converge is 

a) C1. 
b) C2. 
c) C3. 
d) C6. 

 
 
PRACTICE: The complex resulting from complement activity that leads to cell lysis is the 

a) Prostaglandin complex. 
b) Leukotriene activating complex. 
c) Membrane attack complex. 
d) Histamine complex. 

 
 
PRACTICE: Which of the following are most susceptible to complement lysis? 

a) Gram-positive bacteria. 
b) Gram-negative bacteria. 
c) Bacteriophages. 
d) Prions. 
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CONCEPT: PHAGOCYTOSIS 

●Recall: Phagocytosis is the process of cell “__________” by engulfing & digesting material, including invading microbes.  

 □ Many types of immune cells are capable of phagocytosis including macrophages, dendritic cells, & neutrophils. 

 

 

 

 

 

 

 

 

 

 

Steps of Phagocytosis 

●The process of phagocytosis involves a series of ______ steps: 

 1) Chemotaxis: phagocytes ________________ to site of infection by chemoattractants (Ex. cytokines & C5a). 

 2) Recognition & Attachment: phagocytes __________ microbe directly via MBLs or indirectly via opsonins.  

 3) Engulfment: phagocyte sends out pseudopods to surround & engulf the material creating a ________________. 

 4) Phagolysosome Formation: TLRs detect phagosome contents before ____________ with lysosomes.    

 5) Destruction & Digestion: lysosome components (enzymes/ROS) ____________ the invader as pH decreases.   

 6) Exocytosis: phagolysosome fuses with cytoplasmic membrane to ______________ debris. 

●If invading microbes are not cleared immediately, macrophages may produce _____________ to recruit more phagocytes. 
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CONCEPT: PHAGOCYTOSIS 

PRACTICE: Where are bacteria killed by enzymes and toxic substances once ingested by a white blood cell? 

a) Nucleus. 

b) Phagolysosome. 

c) Lysosome. 

d) Cytoplasm. 

e) Phagosome. 

 

PRACTICE: Which of the following statements about phagosomes and phagolysosomes are true?  

a) Phagosomes are vesicles surrounding an engulfed microbe.  

b) Phagosomes can be found in neutrophils, macrophages, and T cells.  

c) Phagolysosomes destroy the engulfed microbe with digestive enzymes.  

d) Phagolysosomes are the fusion of a phagosome and a lysosome.  

e) A and C.  

f) B and D.  

g) A, C, and D.  

h) All of the above.  

 

PRACTICE: Which of the following statements about phagocytosis is incorrect?  

a) Digestion of the pathogen occurs in the phagolysosome.  

b) Cells capable of phagocytosis have receptors that recognize C3b proteins or antibodies bound to the pathogen.  

c) Cells capable of phagocytosis move toward the infected area of the body via chemotaxis.  

d) Macrophages die after phagocytosis of a pathogen while neutrophils regenerate and survive.  

 

PRACTICE: Some pathogens create C5a peptidase, an enzyme that destroys C5a proteins. Which of the following is not a 

benefit that the pathogen would experience after destroying C5a proteins?  

a) Without C5a, the pathogen is less likely to attract a phagocytotic cell via chemotaxis.  

b) Without C5a, complement proteins and immune cells are less likely to come to the site of infection.  

c) C5a would not be able to bind to the pathogen and trigger opsonization.  

d) Without C5a, mast cells are less likely to release histamines & cytokines which trigger inflammation. 
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CONCEPT: INTRODUCTION TO INFLAMMATION 

●Recall: Inflammation is a coordinated set of events that occur when the body detects an infection or tissue damage. 

●There are _____ cardinal signs of inflammation (“SHARP”):  

 1) ___welling  2) ___eat  3) ___ltered function  4) ___edness           5) ___ain 

 

 

 

 

 

 

 

 

 

 

 

Types of Inflammatory Responses 

●The 2 types of inflammatory responses are: 

1) Acute Inflammation: __________-term immune response; symptoms develop rapidly & last a short time (days). 

 □ Examples include inflammation due to common cold, flu, headache, & joint pain. 

2) Chronic Inflammation: _________-term immune response; symptoms develop slowly & last a long time (years).  

  □ Examples include inflammation due to heart disease, cancer, Chron’s disease, & arthritis. 
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CONCEPT: INTRODUCTION TO INFLAMMATION 

Acute Inflammation 

●Recall: Acute Inflammation: short-term immune response where symptoms develop _____________ & last a short time. 

 □ Characterized by an abundance of _________________ in the infected/damaged area. 

□ Goal is to quickly recruit immune cells to location of damage/infection (neutrophils are recruited ___________).  

 

 

 

 

 

 

 

 

PRACTICE: Which of the following answers is an inflammatory mediator that stimulates vasodilation allowing immune cells 

to enter the site of infection?  

a) Collagen.  

b) Serotonin.  

c) C3b protein.  

d) Histamine.  

 

PRACTICE: Which of the following scenarios would not result in an episode of acute inflammation?  

a) An individual having rheumatoid arthritis, an inflammatory disease that degrades the joints over a lifetime.  

b) An individual having a painful sensation around a vaccine injection site for a few days after vaccination.  

c) An individual having a swollen ankle for a week after falling down a set of stairs.  

d) An individual having a painful, red wound for a few days after being scratched by a cat.  

 

 

 

 

 

 

MICROBIOLOGY - OPENSTAX 1E

CH. 17 - INNATE NONSPECIFIC HOST DEFENSES

Page 48



CONCEPT: INTRODUCTION TO INFLAMMATION 

Chronic Inflammation 

● Recall: Chronic Inflammation is long-term immune response; symptoms develop __________ & last a long time (years). 

 □ Characterized by an abundance of ______________________, giant cells & T lymphocytes.  

□ Macrophages, giant cells, & T lymphocytes accumulate to form ___________________. 

 □ Granulomas: concentrated groups of cells that retain (or wall-off) microbes that can _______ be destroyed.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: A scientist is analyzing the cells from a granuloma tissue sample. Which type of immune cell is the scientist 

least likely to find in this sample?  

a) T cells.   b)   Macrophages.  c)   Neutrophils.    d)   Giant cells.  

 

PRACTICE: The disease tuberculosis (TB) is a serious bacterial infection characterized by granulomas typically found in the 

lungs. What characteristics would a TB granuloma have?  

a) A large mass of immune cells surrounding the Mycobacterium tuberculosis thus stopping the spread of bacteria.  

b) A region of scar tissue created by Mycobacterium tuberculosis. 

c) A region of tissue growth to heal the damage caused by Mycobacterium tuberculosis. 
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CONCEPT: STEPS OF THE INFLAMMATORY RESPOSNSE  
●A series of _____ events occur in the inflammatory response during tissue damage & infection. 
 
1) Tissue Damage & Infection 
●Damage to tissue allows microbes to bypass the ________-line defenses & enter surrounding tissue cells.  
 □ Immediately after injury, blood vessels briefly _______________ via vasoconstriction, to prevent blood loss. 
 
 
 
 
 
 
 
 
 
2) Release of Inflammatory Mediators & Other Cytokines 
●In response to microbe invasion, local _________ cells release cytokines & inflammatory mediators. 
 □ Inflammatory Mediators: ________________ molecules involved in the inflammatory response (Ex. Histamine).  
  □ Regulate changes in local blood vessels & signal immune cells from the blood to the infected site. 
 
 
 
 
 
 
 
 
 
PRACTICE: In the inflammatory response, which immune cells are the first to begin the immune response to an injury?  

a) The neutrophil cells are the first to respond to the injury and begin removing invading microbes.  
b) The mast cells release inflammatory mediators to recruit other immune cells to the injury site.  
c) The macrophages release histamine to dilate the blood vessels allowing immune cells to enter the injury site.  
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CONCEPT: STEPS OF THE INFLAMMATORY RESPOSNSE  
3) Vasodilation  
●Vasodilation: dilation of blood vessels that ________________ their permeability in response to inflammatory mediators. 
 □ Diapedesis: migration of immune cells through the intact walls of blood vessels into the infected tissue. 
  □ ____________: fluid mix of blood plasma, proteins, & immune cells that exit bloodstream to infected site. 
  □ Recall: Neutrophils are the __________ type of phagocytes recruited.  
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is needed for vasodilation and diapedesis to occur at an infection site?  

a) Mast cells releasing histamines and cytokines to dilate the blood vessels & recruit immune cells.  
b) Adhesion proteins on the endothelial cells of the blood vessels allowing the immune cells to leave the blood stream.  
c)  Exudate full of blood, plasma, proteins and immune cells exiting the blood stream to the infection site.  
d) All are needed for vasodilation and diapedesis to occur at the site of an infection.  

4) Removal of Invading Microbes  
●Phagocytic cells from the blood destroy/________________ invading microbes.  
 □ Neutrophils remove microbes & macrophages _____________ dead cells in the area.  
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CONCEPT: STEPS OF THE INFLAMMATORY RESPOSNSE  
PRACTICE: Which immune cells are responsible for removing dead or damaged host material at an injury site?  

a) Macrophages.  
b) Mast cells.  
c) Neutrophils.  
d) Platelets.  

 
 
 
PRACTICE: Match the scenario to the step of the inflammatory response it belongs in.  

1. Tissue Damage & Infection.  
2. Release of Inflammatory Mediators & Cytokines.  
3. Vasodilation and Diapedesis.  
4. Removal of Invading Microbes and Damaged Tissue.  

_____ Local mast cells release histamines and cytokines when encountering an invading microbe.  
_____ Neutrophils destroy the invading microbes found in the injury site.  
_____ Peter accidentally cuts his finger with a kitchen knife.  
_____ Fluid full of plasma, proteins and immune cells exits the blood stream at injury site.  
_____ Macrophages remove the epidermis and dermis cells damaged by the injury.  
_____ The blood vessels in the region of the injury dilate releasing immune cells and proteins.  
_____ Pathogenic bacteria enter the host’s body.  
 
 
PRACTICE: The attraction of leukocytes to the area on inflammation is referred to as 

a) Parasitism. 
b) Infection. 
c) Phototaxis. 
d) Chemotaxis. 
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CONCEPT: STEPS OF THE INFLAMMATORY RESPOSNSE  
Damaging Effects of the Inflammatory Response 
●Although inflammation is designed to eliminate microbes, sometimes it can result in significant damage to the ________.  
 □ Depending on the location in the host, inflammation can be life threatening. 
  □ The suffix -________ in many disease names means inflammation (Ex. meningitis or encephalitis). 

 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements about the inflammatory response is false?  

a) It includes vasodilation of the blood vessels and the release of immune cells from the blood stream.  
b) Neutrophils are the first cells to exit the blood stream during the inflammatory response.  
c) Apoptosis of infected cells triggers the inflammatory response.  
d) Chronic triggering of the inflammatory response can damage the host.  
e) Major signs of inflammation include: redness, swelling, heat, pain, and loss of function.  

 
PRACTICE: Rheumatoid arthritis is an autoimmune disease, meaning that the body’s immune system attacks the body’s 
joint tissues. Why are many autoimmune diseases associated with chronic inflammation?  

a) The tissues the immune system is “fighting” are always present, so the inflammatory response does not shut off.  
b) The invading microbes are not easily killed and keep reforming causing chronic inflammation.  
c) The invading virus goes dormant in the body and later reemerges causing prolonged periods of inflammation.  

 
PRACTICE: Which of the following is FALSE in regards to inflammation? 

a) It is a component of the second line of defense. 
b) It is caused by antibody-antigen complexes. 
c) It is a component of the first line of defense. 
d) It can be caused by endotoxins. 
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CONCEPT: FEVER 

●Fever: an abnormally ___________ body temperature (above 37.8C) part of the 2nd line of defense in innate immunity. 

 □ Hypothalamus is known as the body’s temperature-regulating center (normal body temperature = 37C). 

 □ High body temperatures (above 37.8C) _________________ most bacteria from growing. 

 □ Enhances protective functions of the body (Ex. inflammatory response & release of inflammatory cytokines). 

  □ Due to ____________________ rates of enzymatic reactions in the body at higher temperatures. 

 □ ______________: fever-inducing cytokines. 

  □ Endogenous pyrogens are made _____________ the body & exogenous pyrogens are made externally.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Lipopolysaccharide (LPS) is an endotoxin created by some gram-negative (-) bacteria that commonly causes 

fever in humans. Lipopolysaccharide is what type of molecule?  

a) Endogenous pyrogen.  

b) Exogenous pyrogen.  

c) Pathogenic pyrogen.  

d) External pyrogen.  

 

PRACTICE: Fever can have positive effects on the process of fighting an infection. Which of these answers is not a positive 

effect fever can have during an infection?  

a) High body temperatures inhibiting the growth of many pathogenic bacteria.  

b) High body temperatures increase the enzymatic reactions associated with the immune system  

c) High body temperatures enhance the inflammatory response and release of inflammatory signals.  

d) High body temperatures constrict the blood vessels ensuring the infection does not spread throughout the body.  
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CONCEPT: INTERFERON RESPONSE 

●Recall: Interferons (IFNs): cytokines providing ________-viral effects (defense against viruses) to neighboring cells. 

 

 

 

 

 

 

 

 

 

 

Steps of the Interferon Response 

●When PRRs of an infected cell detect viral RNA, it can produce & secrete IFNs that _________ to & “warn” other cells. 

 □ IFN binds to neighboring cells (not yet infected) leading to production of inactive antiviral proteins (___AVPs). 

 □ If neighboring cell is infected by virus; detection of viral dsRNA activates its iAVPS, forming _________s.  

□ AVPs stop translation of the cell by degrading the cell’s mRNA, which triggers ___________________. 

 □ Apoptosis kills the cell but _______________ the virus from using the cell as a host to replicate. 

●In summary, IFNs function to prevent/limit viral replication by warning neighboring cells to build antiviral proteins.  
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CONCEPT: INTERFERON RESPONSE 

PRACTICE: How does the interferon response provide anti-viral protection? 

a) Interferons bind to the virus neutralizing it. 

b) Interferons stimulate neighboring cells to produce anti-viral proteins. 

c) Interferons prevent the virus from entering the cell. 

d) Interferons prevent the virus from leaving the infected cell and infecting neighboring cells.  

 

PRACTICE: If a cell produces antiviral proteins (AVPs) what occurs when that cell encounters dsRNA?  

a) The antiviral proteins trigger the production of iAVPs.  

b) The antiviral proteins cease protein translation in the cell so no viral proteins can be made.  

c) The antiviral proteins become activated and the cell undergoes apoptosis to stop the viral spread.  

d) The antiviral proteins trigger the production of interferon proteins to warn neighboring cells of viral infection.  

 

PRACTICE: How does the interferon response to an invading virus result in the infected cell undergoing apoptosis?  

a) Detection of viral RNA triggers the degradation of host RNA and stops translation which results in cell death.  

b) Detection of viral proteins inactivates the AVPs which triggers cells death.  

c) Detect of viral RNA ceases all functions of the cell and results in cell lysis and release of newly made viruses.  

d) Detection of viral proteins causes pores to form in the surface of the cell resulting in apoptosis.  

 

PRACTICE: Which of the following cells can induce viral-infected cells to undergo apoptosis? 

a) Neutrophils.    d)   B cells. 

b) NK cells.    e)   Basophils. 

c) Eosinophils.    f)   Red blood cells. 

 

PRACTICE: Which of the following statements about interferon is incorrect? 

a) It only works on a few specific types of virus. 

b) It makes cells resistant to viral infection. 

c) It is a species-specific molecule. 

d) It does not directly inactivate viruses. 
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CONCEPT: REVIEW MAP OF INNATE IMMUNITY 
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