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MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL



CONCEPT: INTRODUCTION TO SPONTANEOUS GENERATION 

●Today it is well known that _______ life is only produced by _______-existing life, but that was not always the case. 

●For thousands of years, many __________________ believed life generated from non-living material. 

 □ Spontaneous Generation: regular conversion of _____-living matter to complex living organisms (soilworms). 

 □ ____biogenesis: theory of a __________, likely onetime event of the origin of simple life from non-living matter. 

 □ ______genesis: theory that living organisms arise only from _______-existing life. 

 

 

 

 

 

 

 

 

 

 

 

Biogenesis vs. Spontaneous Generation 

●From 1668 to 1881, many experiments were conducted to either prove/disprove biogenesis or spontaneous generation. 

 

 

 

 

 

 

 

 

 

 

PRACTICE: ______________ is the theory that living organisms require pre-existing life in order to generate.   

a) Abiogenesis.   b)    Biogenesis. 

c)    Evolution.   d)    Spontaneous Generation. 
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CONCEPT: FRANCESCO REDI’S EXPERIMENTS 

●Francesco __________: Italian scientist that became the first to ________________ the idea of spontaneous generation.  

●Designed a simple experiment to prove that fly eggs & maggots do _______ spontaneously generate from decaying meat. 

 □ First piece of meat was left __________________ to allow flies to enter & lay their eggs on the meat.  

 □ Second piece of meat was ________________ with fine gauze to prevent flies from entering & laying their eggs.  

●Results: fly eggs & maggots appeared on meat in uncovered jar but did _______ appear on meat in the covered jar. 

●Conclusion: fly eggs & maggots (life) do ________ spontaneously generate from decaying meat (non-living matter). 

 

 

 

 

 

 

 

 

 

 

●Despite Redi’s experiment, many scientists remained skeptical & were still determined to prove spontaneous generation.  

  

 

PRACTICE: Which of the following statements about Francesco Redi’s experiments is TRUE? 

a) He proved that bacteria were the cause of some types of diseases.  

b) He used chicken broth to disprove spontaneous generation. 

c) He showed that maggots could only form on raw meat if flies are able to lay their eggs on it.  

d) He showed that maggots spontaneously form on raw meat.  

e) All are true.  

f) None are true. 
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CONCEPT: NEEDHAM VS. SPALLANZANI  

Needham’s Results Incorrectly Supported Spontaneous Generation 

●John _______________: scientist & priest who tried to experimentally ___________ spontaneous generation. 

 □ Had poor experimental setup & incorrectly believed that ___________ boiling a broth would sterilize it.  

 □ Sterilization: process of killing _________ microbes in a sample. 

●Results: after briefly boiling a flask of broth, allowing it to cool & sealing it with a cork, Needham saw microbial growth. 

●Conclusion: Needham ________________ concluded that his “sterile” flask of broth spontaneously generated microbes. 

EXAMPLE: Poor Experimental Setup Led Needham to Incorrectly Support Spontaneous Generation of Microbes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

●It was not until 1776 that the scientist, Lazzarro Spallanzani, performed a set of experiments to contradict these findings. 

 

PRACTICE: Which of the following cannot be an explanation of the microorganisms present in Needham’s flasks? 

a) The microorganisms could have entered his flask after it was boiled and before it was sealed properly.  

b) Microorganisms had developed spontaneously from the molecules in the broth when it was cooled.  

c) He did not boil his broth for a long enough time to completely kill all of the microorganisms. 

d) The cork that he used was porous and allowed microorganisms to enter the sealed flask.  

 

PRACTICE: Which of the following individuals argued in favor of the theory of spontaneous generation? 

a) Francesco Redi.   c)   John Needham.   e)   Isaac Newton. 

b) Louis Pasteur.       d)   Lazzaro Spallanzani. 
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CONCEPT: NEEDHAM VS. SPALLANZANI  

Spallanzani’s Results Disproved Spontaneous Generation 

●Lazzaro _____________________: Italian physiologist who performed experiments that contradicted Needham’s results. 

 □ Proposed that Needham’s experiment was flawed & that organisms do _________ spontaneously generate. 

●Spallanzani ________________ flask by melting it closed & then boiled broth for a _______________ period of time. 

●Results: Spallanzani ___________ saw microbial growth in sealed flasks; only saw growth in flasks that were cracked. 

●Conclusion: microbes do _________ spontaneously generate; cracked flasks allowed microbes to enter from the air. 

EXAMPLE: Spallanzani’s Experiment Disproved Spontaneous Generation of Microbes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

●Opposers claimed Spallanzani’s sealed flasks excluded a “vital source” that was needed for spontaneous generation. 

 

PRACTICE: Spallanzani set out to disprove spontaneous generation by, however his findings were not accepted by all. 

Why did some scientists disprove his findings? 

a) He did not boil the broth for long enough. 

b) He boiled the broth too long, killing the “vital source” that some believed was needed for spontaneous generation. 

c) He used the wrong type of flask and cork to seal his flask.  

d) He did not allow air in the flask which some believed was needed for spontaneous generation. 

e) A and C. 

f) B and D. 
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CONCEPT: NEEDHAM VS. SPALLANZANI  

Needham vs. Spallanzani Experimental Design 

●Spallanzani’s experiments differed from Needham’s in 2 significant ways: 

 1) Completely sealed flasks by _____________ them before boiling (ensured no microbes entered after boiling). 

 2) Boiled the broths for a _____________ period of time (ensured that ALL microbes were killed by heat). 

EXAMPLE: Needham’s vs. Spallanzani’s Experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

●Some people still remained skeptical of biogenesis, even after Spallanzani’s experiment. 

●Almost 100 years later, Louis Pasteur confirmed Spallanzani’s findings using a simple experiment with a custom flask.  

 

 

PRACTICE: Needham performed an experiment by boiling chicken broth, placing it in a sterile flask, and then sealing the 

flask. After a few days, he observed microorganism growth in the flask. What was the major flaw of his experiment? 

a) Boiling the broth activated dormant microorganisms that were not present before boiling.  

b) Melting the flasks closed did not allow fresh air to interact with the broth, stopping microorganisms from developing. 

c) Needham boiled the broth too long, killing the “vital source” needed to develop microorganisms. 

d) He did not boil the broth long enough to kill all microorganisms and he did not seal the flask properly. 

The flasks he used were cracked, and microorganisms from the air contaminated the broth. 
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CONCEPT: PASTEUR’S EXPERIMENTS ON  SPONTANEOUS GENERATION 
●Louis _______________: French chemist who demonstrated that microbes are all around us, including in the air. 
●Based on Spallanzani’s results, Pasteur wanted to show that _________ was the source of microbial contamination. 
 □ Designed a simple set of experiments using a specialized type of ___________.  
●__________-Neck Flasks: specialized flasks designed by Pasteur to have a long & curved tube leading into the top of it.  
 □ Allowed air to enter, BUT dust & microbes in the air would get _____________ in neck’s bend. 
EXAMPLE: Pasteur’s Swan-Neck Flask Disproved Spontaneous Generation.  
 
 
 
 
 
 
 
 
 
 
 
●Using his swan-neck flask, Pasteur conducted an experiment that _______________ spontaneous generation. 
 
PRACTICE: Louis Pasteur designed swan-necked flasks to: 

a) Keep maggots away from decaying meat. 
b) Pasteurize beer and wine. 
c) Trap microorganisms from the air in the neck of the flask. 
d) Allow dust to reach sterile infusions. 

 
PRACTICE: Why did Pasteur design swan-necked flasks in his experiments on spontaneous generation? 

a) The neck excluded oxygen from entering the flask. 
b) The neck stopped microorganisms in the air from contaminating the contents of the flask. 
c) The neck excluded flies and maggots from entering the flask. 
d) The neck served as a handle when heating the flask. 
e) The neck prevented Pasteur from contaminating his sample by sneezing on it. 
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CONCEPT: PASTEUR’S EXPERIMENTS ON  SPONTANEOUS GENERATION 
Pasteur’s Swan-Neck Experiment  
●Pasteur’s experiment consisted of the following 5 steps: 
 1) Flask is filled with a ______-sterile liquid broth. 
 2) _________-neck of the flask is formed with heat.  
 3) Broth is ________________ by extensive heating.  
 4) As the flask cools, dust & microbes from the air get ________________ in the bend of the Swan-neck. 
  □ Broth remained sterile _______________________ or until step   5  . 
 5) _________________ the flask mixes trapped microbes with the sterile broth & microbial growth is observed. 
EXAMPLE: The steps of Pasteur’s swan-neck experiment which ended the controversy of spontaneous generation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is not a valid conclusion and/or outcome of Pasteur's experiment refuting the theory of 
spontaneous generation? 

a) That microorganisms are present everywhere, even in the air. 
b) The development of aseptic techniques when working with microbial cultures. 
c) Microorganisms can cause disease. 

Living cells can only develop from pre-existing cells. 
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CONCEPT: JOHN TYNDALL’S EXPERIMENT 

●One drawback from Pasteur’s results were that NOT every scientist could ________________ them. 

 □ Some scientists still discovered microbial growth in a swan-neck flask, even after “sterilizing” with __________.  

●John _______________: physicist that showed & explained why Pasteur’s experiment could NOT always be replicated. 

□ Found that some types of broth could ________ be sterilized, even after extremely long boiling times.   

●Tyndall realized that, depending on the type of broth, they could contain different types of microbes: 

 1) Heat-Sensitive Microbes: _________ when exposed to high enough heat.      

 2) Heat-Resistant Microbes: can tolerate & ________________ high levels of heat. 

EXAMPLE: Tyndall showed why some scientists could not replicate Pasteur’s results & further validated biogenesis. 

 

 

 

 

 

 

 

 

 

 

●In the same year, the scientist Ferdinand Cohen discovered _________________: heat-resistant forms of some bacteria. 

 □ Scientists with endospore contaminants could _______ replicate Pasteur’s results. 

 

 

PRACTICE: Louis Pasteur and John Tyndall worked together to: 

a) Develop antiseptic surgery. 

b) Disprove that microorganisms could arise from non-living matter. 

c) Discover the cause of French wine spoilage. 

d) Develop a cholera vaccine.  

e) Develop methods for isolating bacteria in pure culture. 
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CONCEPT: HISTORY OF SPONTANEOUS GENERATION SUMMARIZED 

●We can use the following timeline to review the scientists who studied spontaneous generation: 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Who was the first person to challenge the theory of spontaneous generation? 

a) Louis Pasteur.       b)   Francesco Redi.       c)   John Needham.       d)   Lazzaro Spallanzani.      e)   John Tyndall. 

 

PRACTICE: Which of the following scientists argued in the favor of spontaneous generation? 

a) Lazzaro Spallanzani.       b)   John Tyndall.       c)   John Needham.       d)   Louis Pasteur.       e)   Francesco Redi. 

 

 

PRACTICE: Spallanzani and Pasteur both disproved spontaneous generation in their experiments. What did Pasteur do 

differently that still allowed him to come to the same conclusion as Spallanzani? 

a) Air could enter the flasks, but microorganisms and dust particles could not enter. 

b) No air could enter the flasks, but microorganisms could enter. 

c) Neither air nor microorganisms could enter the flasks. 

d) Both air and microorganisms could enter the flasks. 

 

 

PRACTICE: Which of the following scientists showed that maggots develop from fly eggs that are laid on decaying meat 

rather than arising spontaneously. 

a) Lazzaro Spallanzani.       b)   John Tyndall.       c)   John Needham.       d)   Louis Pasteur.       e)   Francesco Redi. 
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CONCEPT: CELL ENVELOPE & BIOLOGICAL MEMBRANES 

●Cell Envelope: all of the ________________ layers surrounding the cell (membranes, cell walls, etc.). 

 □ Structures that compose the cell envelope may ____________ in different types of cells.  

 □ Cell membranes are ____________ included in the cell envelope (all cells have cell membranes). 

 

 

 

 

 

 

 

 

 

PRACTICE: Components of the cell envelope include: 

a) Cell membrane.  b)   Cell wall.   c)   Cytoplasm.  d)   a, b, & c.  e)   a & b.  

 

Intro to Biological Membranes 

●Recall: ______________________ are amphipathic molecules & are the major component of biological membranes. 

 □ Biological Membrane: phospholipid ____________ with other embedded molecules (ex. proteins & cholesterol). 

 □ Also called _________ membrane or _______________ membrane. 

●Fluid Mosaic Model: biological membranes are ____________ & a ______________ of membrane-embedded proteins. 

 □ Comprised of 20-80% ________________ by mass that move laterally within the cell membrane.  

 

 

 

 

 

 

 

 

 

 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 11



CONCEPT: CELL ENVELOPE & BIOLOGICAL MEMBRANES 

EXAMPLE: Membranes are a fluid mosaic of what major components? 

a) Proteins, cholesterol, and sugar.  

b) Phospholipids, proteins, and cholesterol. 

c) Phospholipids, nucleic acids, and cholesterol.  

d) Glucose, proteins, and phospholipids.  

 

 

 

PRACTICE: The fluid mosaic model of the membrane proposed that membranes: 

a) Consist of a single layer of phospholipids and proteins. 

b) Consist of a phospholipid bilayer composed of a variety of fatty acids. 

c) Consist of protein molecules embedded in a dynamic bilayer of phospholipids. 

d) Consist of a phospholipid bilayer between two layers of hydrophilic proteins. 
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CONCEPT: BACTERIAL & EUKARYOTIC CELL MEMBRANES 
●BOTH bacterial & eukaryotic phospholipids have a glycero________________ head & __________ _________ tails.   
 □ Recall: Phospholipids are amphipathic molecules with a hydrophilic ____________ & hydrophobic ___________. 

□ Bacterial & eukaryotic phospholipids use an ____________ linkage to connect head group to fatty acid tails.   
 
 
 
 
 
 
 
 
 
 
 
 
Cholesterol in Animal Membranes 
●Only ______________________ membranes have cholesterol making them __________ rigid than bacterial membranes.  
 □ Lipid __________: dense regions of cholesterol moving laterally together through the fluid membrane. 
EXAMPLE: Bacterial vs. Eukaryotic cell membrane.  
 
 
 
 
 
 
 
●Archaeal cell membranes have a unique type of lipid composition. 
 
PRACTICE: ______ is a chemical found in eukaryotic cell membranes that regulates fluidity in extreme temperatures. 

a) Phospholipid.   b)   Glycerophosphate.  c)   Glucose.  d)   Cholesterol. 
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CONCEPT: ARCHAEAL CELL MEMBRANES  
●Archaeal membrane lipids differ from bacterial & eukaryotic membrane lipids in 2 significant ways: 
 1) Hydrophobic tails are repeating ________________ lipids (5-carbon hydrocarbons), NOT fatty acids.   
 2) An ___________ linkage connects the Hydrophobic tails & glycerophosphate head group.  
  □ Ethers are ____________ resistant to heat & chemical toxins than ester linkages (ex. extremophiles). 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Cell membranes composed of glycerol-ether lipids biosynthesized from isoprene units are characteristic of: 

a) Bacteria.  
b) Eukayrotes. 
c) Archaea. 
d) Protists. 

 
 
PRACTICE: Which of the following statements is FALSE? 

a) The hydrophobic tails of archaeal membranes are repeating isoprene units. 
b) The glycerophosphate head & fatty acid tail of bacterial membranes are linked by an ester linkage. 
c) The glycerophosphate head & fatty acid tail of eukaryotic membranes are linked by an ether linkage. 
d) The glycerophosphate head & fatty acid tail of archaeal membranes are linked by an ether linkage. 
e) The hydrophobic tails of bacterial membranes are long fatty acid chains. 

 

Isoprene 
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CONCEPT: ARCHAEAL CELL MEMBRANES  
Types of Archaeal Membrane Lipids 
●Recall: Archaeal membrane lipids are made of repeating units of isoprene lipids. 
●Archaeal membrane lipids can form bi-layers or _________-layers, depending on the lipid type. 
 □ Bilayers: ____ hydrocarbons attached to a _________ head group formed by glycerol diether lipids. 
 □ Monolayers: ____ long hydrocarbons connect _____ head groups formed by diglycerol tetraether lipids. 

●Forms __________-layers in extremely hot temperatures which increases the membrane rigidity to protect the cell .   
EXAMPLE: Bilayers and monolayers of Archaeal cell membranes.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Thermophilic archaea may have tetraether lipids that: 

a) Form bilayer membranes.  
b) Form monolayer membranes. 
c) Bind to and protect their DNA. 
d) Form more stable tri-layer membranes. 

 
 
PRACTICE: Which of the following statements is true? 

a) Eukaryotic cell membranes form monolayer in extremely hot temperatures.  
b) Archaeal cell membranes contain cholesterol making them more rigid than eukaryotic cells.  
c) Archaeal cells membranes can form bilayers or monolayers. 
d) Bacterial cell membranes contain cholesterol making them more rigid than eukaryotic cells. 
e) Bacterial cell membranes can form bilayers or monolayers. 
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CONCEPT: TYPES OF MEMBRANE PROTEINS 
●_______ main types of membrane-associated proteins: 
 1) ____________: noncovalently integrated proteins that usually span the entire lipid bilayer. 
 2) _______________: proteins on the periphery (perimeter) of the lipid bilayer. 
  □ ________-___________: peripheral lipoproteins covalently anchored to lipid groups within the bilayer. 
EXAMPLE: Types of Membrane-Proteins. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following are covalently attached to lipid molecules in the cell membrane? 

a) Integral proteins. b)   All membrane proteins. c)   Peripheral proteins.       d)   Lipid-anchored proteins. 
 
 
Membrane Protein Functions 
●Membrane-associated proteins can perform a wide ____________ of functions, including the following:  
    1) ____ecognition- markers for cell identification.  
    2) ____nchorage- attachment proteins to the ECM and cytoskeleton.  

    3) ____ransduction – receptors for signal-transduction pathways.  

    4) ____ransport- Molecular transport across the membrane.  
    5) ____inkage- Connects two cells together via protein linkages. 
    6) ____nzymes- Carries out a variety of enzymatic processes.  
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CONCEPT: CONCENCTRATION GRADIENTS & DIFFUSION 

●Concentration Gradient: _____________________ in the concentration of a substance between ______ areas.  

 □ A molecule moves _________ (or down) its gradient when going from an area of high to low concentration. 

 □ A molecule moves ________________ (or up) its gradient when going from an area of low to high concentration. 

EXAMPLE: Concentration gradients. 

  

 

 

 

 

 

 

 

 

Diffusion 

●The movement of a substance from an area of __________ concentration to an area of ________ concentration. 

□ Molecules have natural tendency to diffuse _________ (down) their concentration gradients (from high to low). 

EXAMPLE: Diffusion of a Dye in Water.  

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following statements about diffusion is true? 

a) It’s a process where water moves across a semi-permeable membrane to a region of high solute concentration.  

b) It requires an expenditure of energy by the cell. 

c) It’s a process where molecules move from a region of lower concentration to a region of higher concentration. 

d) It’s a process where molecules move from a region of higher concentration to a region of lower concentration. 
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CONCEPT: INTRODUCTION TO MEMBRANE TRANSPORT 
●Biological membranes are ________- permeable & can act as __________________ to prevent diffusion of molecules. 

□ Selectively Permeable (or semi-permeable): “__________” about what crosses the membrane. 
EXAMPLE: Selectively Permeable Biological Membranes. 
 
 
 
 
 
 
 
 
 
Which Molecules Freely Cross Membranes? 
●Some molecules can freely diffuse across a membrane __________________ facilitation from a protein: 
 
 
 
EXAMPLE: Diffusion Across a Membrane. 
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CONCEPT: INTRODUCTION TO MEMBRANE TRANSPORT 
PRACTICE: Which molecule most easily diffuses across a biological membrane’s lipid bilayer, without help of a protein? 

a) H2O.    
b) O2.   
c) H2PO4–.   
d) Glucose. 
e) Na+.  

 
 
Map of the Lesson on Membrane Transport 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: According to the map above, what kind of large molecule transport is also called the process of cell “eating”? 

a) Phagocytosis. 
b) Receptor-mediated Endocytosis. 
c) Exocytosis. 
d) Pinocytosis. 
e) Facilitated Diffusion. 
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CONCEPT: PASSIVE VS. ACTIVE TRANSPORT 

●______ general types of molecular transport across biological membranes:  

1) Passive Transport (no energy): transports molecules from a ___________ to ________ concentration. 

2) Active Transport (requires energy): transports molecules from a ________ to a ___________ concentration.  

EXAMPLE: Passive vs. Active Membrane Transport. 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Passive membrane transport processes include___________. 

a) Consumption of ATP for energy.  

b) The use of transport proteins to move a substance from low to high concentration.  

c) Movement of a substance down its concentration gradient.  

d) Movement of a substance up its concentration gradient.  

 

 

PRACTICE: What is the difference between active and passive transport across a membrane? 

a) Both active and passive transport move substances down their concentration gradients.  

b) Active transport is ATP dependent. Passive transport does not require energy. 

c) Active transport requires cell to cell communication. Passive transport does not require cell communication. 

d) Active transport can be performed without transport proteins while passive transport cannot.  

 

 

 

 

CONCEPT: PASSIVE VS. ACTIVE TRANSPORT 
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Classes of Membrane Transport Proteins  

●_______ types of transport proteins are classified according to how they operate: 

 1) _______porters: transport _____ molecule at a time in just _____ direction. 

 2) _______porters: cotransport ≥ 2 molecules at a time in the __________ direction.  

 3) _______porters: cotransport ≥ 2 molecules at a time in ______________ directions. 

 

 

 

 

 

 

 

 

 

 

PRACTICE: A transport protein that simultaneously transports two different molecules in different directions is called:  

a) A uniporter. 

b) A symporter. 

c) An equilibrium protein. 

d) An antiporter. 

e) A simple diffuser.  

 

 

PRACTICE: Which option below best describes a transporter that requires ATP to move molecules A and B out of the cell? 

a) An active antiporter.  

b) A passive antiporter.  

c) A passive symporter.  

d) An active uniporter. 

e) An active symporter.  
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CONCEPT: OSMOSIS 

●Osmosis: passive diffusion of a solvent (usually __________) across a semi-permeable membrane. 

●Direction of water flow depends on _______________: relative concentration of ____________ dissolved in the solutions.  

 □ _________tonic solutions have _______________ solute concentration. 

 □ _________tonic solutions have _______________ solute concentrations. 

 □ _________tonic solutions have _______________ solute concentrations. 

EXAMPLE: Label the tonicity of the outside solution with respect to the solution inside the cell. 

 

 

 

 

 

 

 

EXAMPLE: What is the tonicity of the outside solution in comparison to the inside of the cell? 

a) Hypotonic. 

b) Isotonic. 

c) Hypertonic.  

d) Electrotonic. 

 

Direction of Osmosis 

●Water will move from _________tonic to _________tonic solutions if the solutes cannot diffuse across the membrane. 

 □ Water moves towards the more concentrated solution of solute to dilute it until it becomes __________________. 

●Water still moves from higher concentrations of water to lower concentrations of water: 

 □ Hypotonic solutions: ____________ H2O concentration (but lower solute). 

 □ Hypertonic solutions: ___________ H2O concentration (but higher solute). 

 

 

 

 

 

 

0.1% Solute 

10% Solute 
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CONCEPT: OSMOSIS 

PRACTICE: Osmosis is best defined as the movement of: 

a) Water molecules across a semi-permeable membrane into a region of low solute concentration.  

b) Solute molecules from an area of high concentration to an area of lower concentration. 

c) Water molecules across a semi-permeable membrane into a region of high solute concentration.  

d) Water molecules inside a cell that can’t be transported out. 

e) Solute molecules from an area of low concentration to an area of higher concentration. 

 

PRACTICE: Which direction would you expect water to move across the cell membrane? 

a) Into the cell. 

b) Out of the cell.  

c) Into the cell and out of the cell at equal rates.  

d) Water will not move across the cell membrane.  

 

 

Environmental Tonicity Affects Cells  

  1) Hyp____tonic Environments: H2O enters cells causing them to swell like a hipp___          & potentially lyse (burst). 

 □ Preferred by plant cells due to increased _____________ pressure (water pressure on cell membrane). 

  2)_______tonic Environments: H2O enters & exits the cell at ______________ rates (preferred by animal cells).  

3)   Hyp____tonic Environments: H2O exits cells causing them to dehydrate like a hyper-kid gets dehydrated. 
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CONCEPT: OSMOSIS 

PRACTICE:  Plants become turgid when placed in this type of solution: 

a) Hypotonic.  

b) Isotonic. 

c) Hypertonic. 

d) Megatonic. 

 

 

PRACTICE: What would you expect to happen to the cell under the following conditions? 

a) The cell will swell.  

b) The cell will lyse.  

c) The cell will shrivel.  

d) The cell will stay the same.  
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CONCEPT: SIMPLE & FACILITATED DIFFUSION 

●Simple & facilitated diffusion are types of ________________ transport (______ energy). 

 1) ____________ Diffusion: simple & direct diffusion of small uncharged molecules through a cell membrane. 

 2) Facilitated Diffusion: non-energetic diffusion of charged molecules facilitated by a transport _____________. 

EXAMPLE: Simple vs. Facilitated Diffusion. 

 

 

  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following processes includes all of the others?  

a) Osmosis. 

b) Facilitated diffusion.  

c) Passive transport.  

d) Transport of an ion down its electrochemical gradient. 

 

 

PRACTICE: The difference between simple and facilitated diffusion is that facilitated diffusion: 

a) Requires a protein transporter.  

b) Moves molecules against their concentration gradient.  

c) Requires energy.  

d) Freely diffuses molecules against their concentration gradient. 

 

 

CONCEPT: SIMPLE & FACILITATED DIFFUSION 
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Transport Proteins of Facilitated Diffusion 

●______ types of transport proteins involved in facilitated diffusion: 

 1) Porins/Channels: form an obvious membrane-spanning-____________. 

  □ Aquaporins: used to transport _____________ molecules through a cell membrane (facilitating osmosis). 

 2) Transporters/Carriers: undergoes conformational changes to move molecules across a membrane. 

EXAMPLE: Porins/Aquaporins/Ion-Channels & Transporters/Carriers. 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following does not accurately describe a channel or a carrier? 

a) Channel – open to both sides of the membrane simultaneously. 

b) Carrier – open to one side of the membrane at a time. 

c) Carrier – requires a conformation change to complete function. 

d) Channel – not selective for molecules that move through it. 

 

PRACTICE: Which type(s) of molecules cannot enter/exit the cell via simple diffusion and require facilitated diffusion?  

a) Nonpolar oxygen gas molecules.  

b) Charged Ca2+ ions.  

c) Nonpolar carbon dioxide gas molecules.  

d) Nonpolar water molecules.  

e) Charged Na+ ions.  

f) b and e only.  

g) a, c, and d only.  
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CONCEPT: ACTIVE TRANSPORT 

●________ types of active transport that require _______________ since molecules are transported against their gradient. 

  1) ________________ Active Transport: directly driven by energy source (such as ________ hydrolysis).  

  2) ________________ Active Transport: directly driven by another molecule’s concentration ________________. 

  

 

 

 

 

 

 

Primary Active Transport 

●Primary Active Transport: an _________-driven process transporting molecules against their concentration gradient. 

□ Directly driven by energy derived from ATP hydrolysis.  

□ Used to generate & maintain important concentration _________________ for cell survival. 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMPLE: What is the main difference between active transport and facilitated diffusion? 

a) Facilitated diffusion uses proteins, but active transport does not. 

b) Active transport uses ATP to power transport, but facilitated diffusion does not. 

c) Active transport occurs across the plasma membrane, but facilitated diffusion does not. 

d) Active transport and facilitated diffusion both use proteins to move substances against their concentration gradient.  

CONCEPT: ACTIVE TRANSPORT 
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PRACTICE: The force driving simple diffusion is ________, while the energy source for active transport is ________. 

a) a concentration gradient; ADP. 

b) a concentration gradient; ATP hydrolysis. 

c) transmembrane pumps; an electrochemical gradient. 

d) phosphorylated carrier proteins; ATP. 

 

Primary Active Transport: Na+/K+ Pump 

●An example of ________________ active transport that moves Na+ & K+ ions in opposite directions (antiporter). 

 □ ____ ________ ions are exported while ____ ________ ions are imported (pump-K+-in). 

 

 

  

 

 

 

 

 

 

 

PRACTICE: A sodium-potassium pump ________. 

a) Transports 3 potassium ions out of a cell and 2 sodium ions into a cell and produces a molecule of ATP. 

b) Transports 3 sodium ions out of a cell and 2 potassium ions into a cell using energy from ATP hydrolysis. 

c) Transports 3 potassium ions out of a cell and 2 sodium ions into a cell using energy from ATP hydrolysis. 

d) Transports 3 sodium ions out of a cell and 2 potassium ions into a cell and generates an ATP in each cycle. 

 

 

PRACTICE: Which of the following defines the type of transport by the sodium-potassium pump?  

a) Active transport through a symporter. 

b) Passive transport through a symporter.  

c) Active transport through an antiporter.  

d) Passive transport through an antiporter.  

CONCEPT: ACTIVE TRANSPORT  

Secondary Active Transport 
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●Recall: Secondary active transport is directly driven by a concentration ________________ instead of ATP hydrolysis.  

 □ HOWEVER, its indirectly driven by Primary Active Transport (since concentration gradients are built by PAT). 

●_____ steps to Na+-Glucose Secondary Active Transport: 

 1. Na+ is transported against its concentration gradient using _______________ active transport. 

 2. Higher concentration of Na+ is generated on the _____________ of the cell.  

 3. Glucose has a higher concentration _______________ the cell than outside. 

 4. Na+ transportation ___________ its gradient “powers” Glucose transport ________________ its gradient.  

EXAMPLE: The Sodium-Glucose Cotransporter.   

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: How are primary and secondary active transport related? 

a) They both use ATP to move molecules. 

b) Primary active transport establishes a concentration gradient, but secondary active transport doesn’t. 

c) Secondary active transport uses the concentration gradient established by primary active transport. 

d) Primary active transport moves one molecule, but secondary active transport moves two. 

e) None of the above.  
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CONCEPT: ABC TRANSPORTERS 
ABC Transporters Provide Multidrug Resistance 
●ATP-Binding-Cassette (________) Transporters: integral membrane proteins with > 1 ABC structural motif. 
 □ Pump substances across a membrane, ______________ their concentration gradient. 
●All ABC Transporters share ______ common structural elements: 
 1) ______ Trans-Membrane Domains (________) which make the pore through the membrane. 
 2) ______ cytosolic Nucleotide-Binding Domains (________) that bind & hydrolyze ATP (ATP binding cassette).  
●Some called multidrug resistance (_______) transporters, since they’re responsible for resistance to multiple _________. 

□ In bacteria, MDR transporters confer antibiotic __________________. 
□ In humans, P-glycoprotein (___-_____) is an MDR transporter that removes anti-cancer drugs from tumor cells. 

EXAMPLE: ABC Transporter.  
 
  
 
 
 
 
 
 
 

PRACTICE: ABC transporters are a part of a superfamily of transporters that have two nucleotide binding domains that bind 
__________, which is necessary for primary active transport.  
a)   ADP.  b)   Phosphate.   c)   ATP.  d)   GTP.  e)   AMP.  
 
PRACTICE: What side of a membrane has a higher concentration of the toxin Limbricide after ABC transporter activity? 

a) Inside the cell.  b)   outside the cell. 
 
PRACTICE: Which of the following statements is TRUE for BOTH P-type ATPases and ABC transporters? 

a) They each have two ATP-binding protein domains.  
b) They both contain a phosphorylated Asp residue.  
c) They both are examples of multi-drug resistant proteins that pump toxins out of the cell.  
d) They are both dependent on the presence of ATP. 
e) They both require ATP binding before substrate binding and transport.  
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CONCEPT: GROUP TRANSLOCATION 
●Group Translocation: special type of transport where a molecule is chemically ______________ as it enters the cell.  
 □ Typically results in the addition of a _______________ group from a high-energy molecule.  
 □ Modification allows entering molecule to always be transported ____________ its concentration gradient.  

□ Exclusive to ____________________. 
EXAMPLE: E. coli Phosphotransferase system (PTS) transfers glucose into the cell & is converts it to glucose-6-phosphate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Sometimes scientists categorize this as a special/alternative type of active transport.  
 
PRACTICE: During group translocation, which statement is true? 

a) No energy is required.    c)   Channel is an integral membrane protein. 
b) Substrate is being modified.   d)   Both b and c. 

 
PRACTICE: Which of the following statements is TRUE about the E. coli phosphotransferase system (PTS)? 

a) The PTS does not require an input of energy from the cell. 
b) Substrate being transported is phosphorylated during transport from a high-energy molecule.  
c) The PTS requires energy in the form of an ion gradient. 
d) The PTS requires energy in the form of ATP. 
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CONCEPT: TYPES OF SMALL MOLECULE TRANSPORT REVIEW 
●Now let’s review the different types of small molecule transport across a membrane: 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following transport mechanisms require energy? 

a) Active transport. 
b) Facilitated diffusion. 
c) Passive diffusion. 
d) a & b. 
e) None of the above. 

 
PRACTICE: Which of the following processes requires a carrier protein? 

a) Diffusion. 
b) Facilitated diffusion. 
c) Active transport. 
d) Endocytosis. 
e) b & c. 

 
PRACTICE: Which of the following types of membrane transport modifies a chemical as it is transported into the cell? 

a) Facilitated Diffusion. 
b) Simple Diffusion. 
c) Modified Transport. 
d) Group Translocation. 
e) Secondary Active Transport. 
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CONCEPT: ENDOCYTOSIS & EXOCYTOSIS 

●Large biomolecules (ex. proteins, carbohydrates, DNA) are too ___________ to diffuse through membranes or channels. 

 □ Instead, macromolecules are transported across cell membranes via endocytosis and/or exocytosis.  

 

 

 

 

 

 

 

 

 

 

Endocytosis Allows Entry to the Cell 

●_____docytosis: macromolecule ____gulfment by the cell membrane, allowing _________ into the cell via a lipid vesicle. 

●______ main types of endocytosis: 

 1) __________________: large, solid material is taken in by endocytosis (cell “_____________”). 

 2) __________________: small, liquid material taken in by endocytosis (cell “_____________”). 

  3) Receptor-Mediated-Endocytosis: specific form of pinocytosis using ________________ proteins. 

 

 

 

 

 

 

 

 

EXAMPLE: White blood cells of our immune systems engulf bacteria using which type of endocytosis? 

a) Phagocytosis. 

b) Pinocytosis. 

c) Osmosis. 

d) Receptor-mediated exocytosis. 

CONCEPT: ENDOCYTOSIS & EXOCYTOSIS 
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PRACTICE: The difference between pinocytosis and receptor-mediated endocytosis is that ________. 

a) Pinocytosis brings only water molecules into the cell, receptor-mediated endocytosis brings in other molecules also. 

b) Pinocytosis increases the surface area of the plasma membrane, receptor-mediated endocytosis decreases it. 

c) Pinocytosis is nonselective, receptor-mediated endocytosis offers more selectivity. 

d) Pinocytosis can concentrate substances from the extracellular fluid, receptor-mediated endocytosis cannot. 

 

Exocytosis Allows Exiting from the Cell 

●_____ocytosis: vesicle fusion with a cell membrane, allowing its contents to ________ the cell to the extracellular space. 

 □ Hormones, neurotransmitters, & digestive enzymes are all examples of molecules that undergo exocytosis.  

EXAMPLE: Exocytosis of Hormone Signaling Molecules.  

    

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is NOT a true statement regarding exocytosis? 

a) It forms intracellular vesicles from inward folding of the plasma membrane. 

b) It requires fusion of vesicles with the plasma membrane. 

c) It secretes large molecules out of the cell. 

d) It is responsible for removing large waste particles that cannot be recycled by the cell. 

 

PRACTICE: Which means of particle transport is shown in the figure below? 

a) Exocytosis. 

b) Endocytosis. 

c) Facilitated diffusion. 

d) Simple diffusion. 
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CONCEPT: PROKARYOTIC & EUKARYOTIC CELLS 
●________karyotic & ______karyotic are the broadest & most distinct groupings of all life. 
 1) Prokaryotic Cells: do _________ have a nucleus (includes both _______________ & _______________). 
 2) Eukaryotic Cells: do have a _____________ & other membrane-bound organelles.  
EXAMPLE: Prokaryotic & Eukaryotic Cells. 
 
 
 
 
 
 
 
 
PRACTICE: Which domains of life are classified as prokaryotes? 

a) Bacteria & Eukarya. b) Archaea & Fungi. c)   Bacteria & Archaea.  d)  Bacteria & Protista. 
 
Features of Bacterial Cells 
●____________________ are the most abundant & diverse organism on Earth. 
 □ Bacterial DNA is _________________ in shape & found in a region called the ___________________. 
 □ Bacteria have small (______S) ribosomes & divide by ________________ fission. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: In bacteria, DNA will be found in _______________. 

a) A membrane-enclosed nucleus.  b)   Mitochondria.    c)   The nucleoid.    d)   Ribosomes. 
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CONCEPT: PROKARYOTIC & EUKARYOTIC CELLS 
Features of Eukaryotic Cells 
●Eukaryotic cells contain several membrane-bound organelles, including a ________________. 
 □ Eukaryotic DNA is _________________ in shape & found ______________ of the nucleus. 
 □ Eukaryotes have large (_____S) ribosomes & divide by ________________ & cytokinesis. 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which organelle packages the genetic/hereditary material in eukaryotes but not in prokaryotic cells?  

a) Nucleus.  b)   Mitochondria.  c)   Chloroplasts.  d)   Nucleolus. 
 
Recap: Prokaryotic vs. Eukaryotic Cells 

●Prokaryotic & Eukaryotic cells have _______ key differences: 
 1) Size of the cell.  
 2)The presence of a nucleus. 
 3) The presence of cellular organelles. 
 4) Ribosome sizes. 
 5) Type of motility. 
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CONCEPT: PROKARYOTIC & EUKARYOTIC CELLS 
PRACTICE: Which of the following is/are a primary difference(s) between all prokaryotes and eukaryotic cells? 

a) Prokaryotes have DNA that floats freely in the cytoplasm. 
b) Prokaryotes are significantly smaller than eukaryotic cells. 
c) Prokaryotes do not have ribosomes like eukaryotic cells. 
d) a and b. 
e) a, b, and c 

 
 
PRACTICE: Which of the following is not a common feature shared by all types of cells? 

a) Contains DNA as the genetic material. 
b) Contains a protective cell wall or cell membrane.  
c) Contains a fluid-like portion called the cytoplasm. 
d) Contains a nucleus that stores the genetic material. 

 
 
PRACTICE: You isolate a cell with the following characteristics: (1) no nucleus, (2) a cell wall, and the cell is (3) 2 µm in 
size. This cell could be a/an: 

a) Bacterium. 
b) Plant cell. 
c) Animal cell. 
d) Bacterial cell or a plant cell. 
e) Plant cell or an animal cell. 
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CONCEPT: BACTERIAL CELL MORPHOLOGY & ARRANGEMENTS 
●Cell Morphology: refers to the overall ____________ of individual cells. 
●Cell Arrangement: refers to the ___________________ or alignment of groups of multiple cells. 
 
Types of Bacterial Cell Morphology 
●Bacterial cells typically range between 0.2–2.0 ______ in diameter & 2–8 µm in __________. 
●There are ______ main bacterial cell morphologies: 
 
 
 
 
 
 
 
 
 
 
 
Cocci Bacterial Cell Arrangements  
●Cocci:_______________-shaped bacterial cells that can be round or flattened (like a hockey puck).  
●Cocci cells can be ____________________ (or organized) in many different ways after cell division:  
 
 
 
 
 
 
 
 
 
 
 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 39



CONCEPT: BACTERIAL CELL MORPHOLOGY & ARRANGEMENTS 
PRACTICE: Streptococcus bacteria have what shape? 

a) Single thin cells that are bulbous at one end. 
b) Chain of spiral cells. 
c) Cluster of rod-shaped cells. 
d) Cluster of spherical cells. 
e) Chain of spherical cells. 

 
 
Bacilli Bacterial Cell Arrangements 
●Bacilli: _________-shaped bacterial cells that can only divide across their short axis. 
●Since bacilli can only divide in ___ plane, they have fewer possible arrangements than cocci: 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
PRACTICE: What is the morphology of the cells in the image below? 

a) Diplobacilli. 
b) Streptobacilli. 
c) Cocobacilli. 
d) Streptococci. 
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CONCEPT: BACTERIAL CELL MORPHOLOGY & ARRANGEMENTS 
Spiral-shaped Bacterial Cells 
●Spiral-shaped cells can have a few varied morphologies are never completely straight. 
EXAMPLE: The different morphologies of spiral-shaped cells 
 
 
 
 
 
 
 
 
PRACTICE: Vibrio cholerae causes the disease cholera. Based on the name of the bacterium, what is its shape? 

a) Spherical. 
b) Straight cylinder. 
c) Curved rod. 
d) Chains of cocci. 
e) Chains of rods. 

 
PRACTICE: Which of the following is mismatched: 

a) Vibrio - comma-shape. 
b) Coccobacilli - intermediate between round and rod. 
c) Coccus – round. 
d) Bacillus - flexible and wavy. 
e) Spirillum - corkscrew-shape. 

 
PRACTICE: A chain of rods is referred to as ______________, whereas a curve shaped rod is termed _______________. 

a) Coccobacilli; bacilli. 
b) Streptobacilli; vibrio. 
c) Streptococcus; comma . 
d) Bacilli; spirochete. 
e) Diplobacilli; vibrio. 
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CONCEPT: BACTERIAL CELL MORPHOLOGY & ARRANGEMENTS 
PRACTICE: What type of cell is shown in the image below? 

a) Staphylobacilli. 
b) Streptococci. 
c) Staphylococci. 
d) Streptobacilli. 

 
 
 
PRACTICE: What type of cell arrangement is shown in the image below? 

a) Streptococci. 
b) Vibrio. 
c) Sacrinae. 
d) Tetrad. 
e) Single bacillus. 

 
 
 
PRACTICE: Match the following cell morphologies with the correct description: 

1) ______: Diplobacilli 
2) ______: Streptococci 
3) ______: Vibrio 
4) ______: Diplococci 
5) ______: Spirochete 
6) ______: Tetrad 
7) ______: Single Bacillus 
8) ______: Coccobacilli 
9) ______: Staphylococci 
10) ______:Spirillium 
11) ______:Sarcinae 
12) ______:Streptobacilli  

 

A. Long spiral with flexible cells. 
B. Single rod-shaped cell. 
C. 2 rod-shaped cells that remain attached. 
D. Cluster of 4 spherical cells arranged on one plane. 
E. 2 spherical cells that remain attached. 
F. Comma-shaped, short & bent cells. 
G. 2 short rod-shaped (or oval) cells that remain attached.  
H. Chain-like pattern of spherical cells. 
I. Cluster of 8 spherical cells arranged like a cube. 
J. Curved rod that forms a spiral. 
K. Chain-like pattern of rod-shaped cells. 
L. Cluster of many spherical cells in a randomized pattern. 
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CONCEPT: OVERVIEW OF PROKARYOTIC CELL STRUCTURES 
●Prokaryotic cells have a variety of structural components BOTH ______________ & ______________ of the cell. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is NOT a structure on the outside of the cell? 

a) Glycocalyx. 
b) Flagella. 
c) Endospore. 
d) Pili. 
e) Cell Wall. 

 
PRACTICE: Which of the following are aggregates of molecules in the cytoplasm? 

a) Endospores. 
b) Inclusions. 
c) Flagella. 
d) Ribosomes. 
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CONCEPT: INTRODUCTION TO BACTERIAL CELL WALLS 
●Water pressure ______________ a bacterial cell is typically higher than its surroundings. 
 □ Requires the cell to have a _________________ layer around it.   
●Cell Wall: semi-rigid structural layer located on the _____________ of the cell membrane & is part of the cell envelope. 
 □ Cell _________________: collection of the cell wall, cell membrane & outer membrane (if present). 
EXAMPLE: The cell wall protects the cell from rupturing from high water pressure. 
 
 
 
 
 
 
 
 
 
PRACTICE: Which is (are) true concerning the cell wall of prokaryotes? 

a) It determines the shape of the bacteria.  c)   It prevents the bacteria from bursting. 
b) It is part of the cell envelope.   d)   All of the choices are true. 

 
Peptidoglycan 
●Peptidoglycan: a rigid, mesh-like polysaccharide & protein mix that is the main component of ______________ cell walls.  

□ Provides __________________ support (or maintains rigidity) for the cell. 
EXAMPLE: Peptidoglycan is the primary structural component of the cell wall. 
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CONCEPT: INTRODUCTION TO BACTERIAL CELL WALLS 
PRACTICE: The peptidoglycan molecule is responsible for the: 

a) Entry and exit of molecules into and from the cell. 
b) Flexibility of the cytoplasmic membrane. 
c) Motility of the bacterial cell. 
d) Genetic characteristics of the bacterial cell. 
e) Semi-rigid cell wall structure of prokaryotes. 

 
Peptidoglycan Structure 

●Peptidoglycan is repeating units of 2 different ________saccharides linked via a !-(1,4) glycosidic linkage: 

1) N-acetylglucosamine (________)   & 2) N-acetyl-_______________ acid (NAM) 
●Glycan Chain: a sugar “______________” that is formed by repeating units of NAG & NAM. 
●A 4 amino acid chain (_________-peptide) is attached to each ________ molecule & is important for cell wall structure. 
 EXAMPLE: Structure of peptidoglycan.  
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Peptidoglycan is made up of: 

a) N-acetylglucosamine. 
b) N-acetylmuramic acid & N-acetylglucosamine. 
c) N-acetylmuramic acid, N-acetylglucosamine, & amino acids.  
d) N-acetylmuramic acid, N-acetylglucosamine, & phospholipids.  
e) N-acetylmuramic acid, N-acetylglucosamine, & ribosomes.  
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CONCEPT: INTRODUCTION TO BACTERIAL CELL WALLS 
PRACTICE: The NAG and NAM molecules of peptidoglycan are connected by a: 

a) A tripeptide chain.  
b) β-(1,4) glycosidic linkage. 
c) A disulfide bridge. 
d) β-(1,6) glycosidic linkage. 
e) A phosphodiester linkage. 

 
Peptide Interbridge  
●Peptide Interbridge: the __________-link between tetrapeptides of adjacent glycan chains. 
 □ Interbridge only found in gram-_____________ cells (tetrapeptides are linked directly in gram-negative cell walls). 
 □ Forms an inter-___________________ network of peptidoglycan fibers. 
EXAMPLE: Peptide interbridges forming an interconnected network of fibers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: The glycan chains of adjacent peptidoglycan molecules are connected by: 

a) A sugar backbone.  
b) Phosphodiester linkage.  
c) A lipid bilayer. 
d) Polypeptide chain crosslinking. 
e) Disulfide linkages. 
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CONCEPT: INTRODUCTION TO BACTERIAL CELL WALLS 
Gram-Positive & Gram-Negative Bacteria 
●Bacterial cells are categorized based on whether or not they take up the ________ stain. 
 □ Gram Stain differentiates bacteria based on differences in their cell __________.  
●Gram-positive bacteria ____________ the stain; HOWEVER, gram-negative bacteria do ________ absorb the stain. 
EXAMPLE: The Gram Stain differentiates Gram Positive & Gram-Negative bacteria. 
 
 
 
 
 
 
 
 
PRACTICE: The Gram stain works because of differences in the ________ of bacteria. 

a) Genetic characteristics.   c)   Cell walls. 
b) Cell membranes.   d)   Capsules. 

 
Types of Bacterial Cell Walls 
●The two types of bacterial cells are grouped by the structure of their cell walls: 

1) Gram-Positive Bacteria: have a __________ peptidoglycan layer. 
2) Gram-Negative Bacteria: only have a __________ peptidoglycan layer & a complex outer membrane.  

EXAMPLE: Gram positive vs. Gram negative cell walls. 
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CONCEPT: GRAM-POSITIVE CELL WALLS 
●Recall: Gram-positive cell walls are made of a __________ layer of peptidoglycan. 
 □ __________ molecules like sugars & amino acids can pass across freely.  
●Between the cell wall & plasma membrane is a gel-like substance called the __________________ (Periplasmic space).  
●Polymers of sugars called _____________ acids are also found in the cell wall.  
EXAMPLE: Overview of a gram-positive cell wall structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: The cell wall of Gram-positive bacteria: 

a) Contains a thin layer of peptidoglycan. 
b) Contains a thick layer of peptidoglycan. 
c) Is an excellent barrier to most small molecules. 
d) Contains an outer membrane. 

 
 
PRACTICE: ___________ are sugar polymers found in the cell wall of gram-positive bacteria. 

a) Lipoproteins. 
b) Lipopolysaccharide. 
c) Teichoic Acids. 
d) Slime layers. 
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CONCEPT: GRAM-POSITIVE CELL WALLS 
Teichoic Acids 
●Teichoic Acids: polymers of glycerol or ribitol connected by negatively charged _____________________ groups. 

□ Act as cation reservoirs by binding to _____________________ charged molecules (Ex. Mg2+ & Ca2+). 
□ “This will be important for when we talk about the gram stain procedure in detail”.  

●There are 2 types of teichoic acids: 
 1) __________ teichoic acids: only linked to the peptidoglycan layer. 
 2) Lipoteichoic acids: linked to the cell ______________ & spans the entire peptidoglycan layer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Gram-negative cells do NOT have teichoic acids & are anchored to the membrane using a specific _________________.  
 
PRACTICE: Teichoic acids are typically found: 

a) In the cell wall of gram-negative cells. 
b) The outer membrane of gram-negative cells. 
c) In the cell wall of gram-positive cells. 
d) The outer membrane of gram-positive cells. 
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CONCEPT: GRAM-NEGATIVE CELL WALLS  
●Recall: Gram-________________ cell walls are a thin layer of peptidoglycan with an outer membrane. 
● _________ membrane: outer-most layer & is anchored to peptidoglycan via lipoproteins. 

□ Lipoprotein: protein with a hydrophobic _________ tail that anchors the outer membrane to peptidoglycan. 
EXAMPLE: The cell envelope of a gram-negative cell wall.  
 
 
 
 
 
 
 
 
 
 
 
 
The Outer Membrane 
●Unlike cytoplasmic membranes, the outer membrane contains ____________________________ (LPS). 

□ Lipopolysaccharides (LPS): large complex molecules with both ___________ & carbohydrate components. 
□ LPS is also called ____________________. 

EXAMPLE: Gram-Negative Outer Membrane. 
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CONCEPT: GRAM-NEGATIVE CELL WALLS  
PRACTICE: The cell wall of Gram-negative organisms: 

a) Has a thick peptidoglycan layer. 
b) Is more permeable to various molecules than the Gram-positive cell wall. 
c) Is characterized by an outer membrane containing LPS. 
d) Has a thin peptidoglycan layer AND is characterized by an outer membrane containing LPS. 

 
PRACTICE: Which of the following components of the gram-negative cell wall anchors the outer membrane to the thin 
peptidoglycan layer? 

a) Lipoproteins.    c)   The periplasm. 
b) Lipopolysaccharide.   d)   Cytoplasmic membrane phospholipids. 

 
 
Structure of Lipopolysaccharide (LPS) 
●LPS (endotoxin) has _____ structural parts: 
 1) Lipid ____: Anchors LPS to the lipid bilayer. 
 2) Core Polysaccharide: structural molecule connecting lipid A & O antigen ____________________. 

 3) O-____________ Polysaccharide: sugar polymer that extends outward from the membrane. 
EXAMPLE: Structure of lipopolysaccharide (LPS). 
 
 
 
 
 
 
 
 
 
 
●Lipid ____ is responsible for the damaging & extremely deadly effects of LPS (endotoxin) & some bacterial infections. 
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CONCEPT: GRAM-NEGATIVE CELL WALLS  
PRACTICE: What part of Lipopolysaccharide is the endotoxin during bacterial infections? 

a) O-antigen. 
b) Lipid-A. 
c) Core Polysaccharide. 
d) LPS is only an endotoxin when all 3 parts are together.  

 
 
Porins 
●____________: integral membrane proteins that facilitate passive transport of molecules across the outer membrane. 
 □ Span the entire membrane as ___________-shaped pores.  

□ They are always identical subunits of outer membrane porins which form in groups of ____. 
EXAMPLE: Porins in the outer membrane of a gram-negative bacterial cell.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following statements regarding porins is TRUE? 

a) They are found in the outer membrane of gram-positive cells. 
b) They are proteins that anchor the outer the membrane to peptidoglycan. 
c) They form in groups of 4 in the membrane. 
d) They facilitate passive transport of molecules across the outer membrane of gram-negative cells.  
e) They are the main structural component of bacterial cell walls. 
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CONCEPT: GRAM-POSITIVE VS. GRAM-NEGATIVE CELLS 

●Now let’s review the differences between gram-positive & gram-negative cells: 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Mnemonic for Gram-positive vs. Gram-negative Cells 

●To remember the differences between gram-positive & gram-negative, you can use this easy memory tool: 

 

 

 

 

 

 

PRACTICE: Which of the following is not a chemical component of a bacterial cell wall? 

a) Cellulose.  c)   Peptidoglycan.  e)   Teichoic acids. 

b) Lipoproteins.  d)   N-acetylmuramic acid. 

 

PRACTICE: Gram negative cell walls contain fewer layers of _____ than gram positive cell walls.  

a) LPS.    c)   Lipid A.    e)   Phospholipids. 

b) Peptidoglycan.   d)   Mycolic acids.    

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 53



CONCEPT: THE GLYCOCALYX: CAPSULES & SLIME LAYERS 
●Most bacteria are surrounded by a layer of a sticky gel-like substance called the _______________________. 
Glycocalyx: a complex poly___________________ layer surrounding the outside of a cell. 
 □ Promotes ______________________ of cells to solid surfaces & to other cells.   
 □ ________________ the cell from dehydration & can collect nutrients from the environment for energy.   
  
 
 
 
 
 
 
 
 
 
 
 
●There are different categories of the glycocalyx based on the _________________ of its structure. 
 
PRACTICE: What is the function of the glycocalyx in bacterial cells? 

a) Attachment of cells to surfaces and other cells. 
b) Protein synthesis. 
c) Phagocytosis of other cells. 
d) DNA replication. 

 
PRACTICE: __________ is the slime-like layer of polysaccharides on the outer surface of bacterial cells. 

a) The outer membrane.  
b) The cytoplasm. 
c) The glycocalyx. 
d) The periplasm. 
e) The S-layer. 
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CONCEPT: THE GLYCOCALYX: CAPSULES & SLIME LAYERS 
Capsules vs. Slime Layers 
●There are ____ categories of the glycocalyx:   

1) Capsules: highly organized & dense layer of polysaccharides ____________ anchored to the cell.  
2) __________ Layers: unorganized layer of polysaccharides easily removable from the cell.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
●The glycocalyx is important for the formation of _______________. 
 
PRACTICE: ___________ are an organized layer of polysaccharides tightly anchored to the cell wall.  

a) Capsules.  
b) Periplasms. 
c) Slime-layers. 
d) Teichoic acids. 
e) Lipopolysaccharides. 

 
PRACTICE: Which of the following is not a function of slime layers and capsules: 

a) Protection against dehydration.    c)   Attachment to other cells & solid surfaces. 
b) Collect nutrients from its surroundings.   d)   Anchors the outer membrane to peptidoglycan. 

 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 55



CONCEPT: INTRODUCTION TO BIOFILMS 
●_____________: group of cells encased in a slime-like polysaccharide layer  _________________ to a surface. 
 □ Can be found on virtually _______ surface & can cause serious illness.  

□ Encased by a polysaccharide matrix of Extracellular Polymeric Substances (______). 

●Extracellular Polymeric Substances (EPS): sticky matrix of ___________ secreted by cells supporting biofilm structure.   
 □ Polymer types include polysaccharides, proteins, glycoproteins, glycolipids, & lipids. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: ______________ are complex communities of various types of microbes that adhere to surfaces. 

a) Biofilms. 
b) Aggregates. 
c) Colonies. 
d) Cell morphologies.  

 
 
PRACTICE: Biofilms can contain which of the following: 

a) Bacterial cells.    c)   Archaeal cells.   e) All of the choices are correct. 
b) Proteins.    d)   Polysaccharides. 
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CONCEPT: PILI 
●The surface of bacterial cells can have relatively ___________, filamentous protein structures called pili. 

 □ Pili (singular Pilus): protein filaments that ____________ from the cell surface & can have varied functions. 
 
 
 
 
 
 
 
 
 
Functions of Pili  
●Pili typically number in only 1-2 per cell & generally have ______ primary functions:  
 
 
 
 
 
 
 
 
●Motility: the ability of an organism to ___________.    
 
PRACTICE: Which of these are true about pili?   

a) Pili are short filaments of pilin on the surface of bacterial cells that allow neighboring cells to adhere to one another.  
b) Pili allow cells to “crawl” across a surface.  
c) Pili are short filaments on the surface of archaea cells that allow neighboring cells to adhere to one another.  
d) Pili allow cells to share genetic information through a process called DNA transfer or conjugation.  
e) A and B.  
f) B and C.  
g) A and C.  
h) B and D. 
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CONCEPT: PILI 
Cell Motility by Pili 
●Pili are involved in ____ types of cell motility: 
 1) _______________ Motility: pili extends from cell & attaches to a surface then retracts & drags cell forward.  
  □ During retraction, cell moves towards destination in a “twitching” or “_______________” motion.  
 2) Gliding Motility: the _____________ movement of a cell along an axis.  
  □ ________________ proteins attach to surfaces surrounding the cell, but exact mechanism is unknown. 
EXAMPLE: Two different types of cell motility driven by pili.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: ________ is the mechanism where a bacterial cell uses its pili to crawl across a surface towards a destination: 

a) Conjugation.     d) Twitching motility. 
b) Gliding motility.     e) None of the above. 
c) Cell swimming.  

 
PRACTICE: Scientists believe some bacteria are able to “glide” through their environment by…  

a) Attaching their pilus to a surface and pulling the cell towards the destination.  
b) Moving their flagella back and forth allowing them to swim towards the destination.  
c) Using motor proteins on the cell’s surface to spin the cell along an axis towards the destination.  
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CONCEPT: PILI 
Sex Pilus 
●________ Pilus (Conjugation Pilus): connects two cells for a special type of DNA transfer.  
 □ __________________________: process of transferring DNA from one bacterial cell to another by direct contact. 
 □ Transferred DNA can add a new function to a cell (for example _________________ to antibiotics). 
EXAMPLE: A Sex pilus brings two cells together to directly transfer genetic material.  
 
 
 
 
 
 
 
 
PRACTICE: Which cellular structures are involved in conjugation?  

a) Cilia. 
b) Fimbriae. 
c) Flagella. 
d) Pili. 
e) All of the above. 

 
 
PRACTICE: Which of the following is NOT a function of pili? 

a) Gliding motility of cells. 
b) Conjugation (DNA transfer).  
c) Antibiotic resistance. 
d) Twitching motility of cells. 
e) All are functions of pili. 
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CONCEPT: FIMBRIAE & HAMI  
Fimbriae  
●Fimbriae: filaments of pilin protein that are ______________ than pili & extend from the cell surface.  
 □ Function to adhere cells to one another or to surfaces & are involved in formation of _____________.  
EXAMPLE: Fimbriae adhere to each other connecting cells in a biofilm.   
 
 
 
 
 
 
 
 
 
PRACTICE: The presence of fimbriae on a bacterial cell is most likely to have a critical role in 

a) Conjugation.  b)   Chemotaxis.  c)   Biofilm formation.  d)   DNA replication. 
 
Hami  
●Hami: short filamentous proteins only found on surface of ___________________ cells.  
 □ __________-like appendages allow them to attach to each other & bacterial cells.  
 □ Archaeal cells with hami can be found within _____________ communities of bacterial cells.  
EXAMPLE: Archaeal cells produce long filamentous cell surface proteins called hami. 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following structure is found only in archaea? 

a) Peptidoglycan.   b)   Hami.   c)   Fimbriae.  d)   Pili. 
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CONCEPT: INTRODUCTION TO PROKARYOTIC FLAGELLA 

●________________ (singular Flagellum): long filamentous surface proteins that drive motility of cells.  

 □ Tuft: a _____________ of many flagella on the surface of a cell.  

 

 

 

 

 

 

 

 

 

 

Types of Flagellar Distribution on Bacteria 

●Bacterial cells are categorized into multiple groups based on the ______________________ of flagella on the cell.  

 □ Flagellar distributions can be used to ID specific types of bacteria.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One flagellum on EACH of 
 _______ opposite ends. 
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CONCEPT: INTRODUCTION TO PROKARYOTIC FLAGELLA 

PRACTICE: Which term is used to describe flagella that are found all over the surface of the bacterial cell: 

a) Peritrichous. 

b) Monotrichous. 

c) Amphitrichous. 

d) Atrichous. 

e) Lophotrichous. 

 

 

 

PRACTICE: Which of the following terms describes the presence of one flagellum at each pole of a bacterial cell? 

a) Lophotrichous. 

b) Peritrichous. 

c) Amphitrichous. 

d) Dualtrichous. 

e) None of the above. 

 

 

 

PRACTICE: What kind of flagellar distribution is present on the surface of the bacterial cell in the image below? 

a) Peritrichous. 

b) Lophotrichous.  

c) Monotrichous.  

d) Amphitrichous. 

e) Atrichous. 
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CONCEPT: PROKARYOTIC FLAGELLAR STRUCTURE  
●A flagellum consists of ____ parts: 
 1) Filament: primary component of the flagellum made of the globular protein ________________. 
 2) Hook: a flexible curved protein that connects the _________________ to the basal body.  

3) __________ Body: component embedded in membrane(s) of the cell envelope by a series of protein rings.  
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is NOT a component of bacterial flagella? 

a) Flagellin   b)   Basal body.   c)   Tubulin.  d)   Filament.  e)   Hook. 
 
Structure of Gram-Positive Basal Body 
●Basal bodies of gram-positive cells consist of ____ complex protein rings:   
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CONCEPT: PROKARYOTIC FLAGELLAR STRUCTURE  
Structure of Gram-Negative Basal Body 
●Because of the additional outer membrane, gram-negative cell basal bodies have ____ protein rings: 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is NOT a ring in the gram-negative cell basal body structure? 

a) MS-Ring. 
b) C-Ring. 
c) A-Ring. 
d) P-Ring. 

 
 
PRACTICE: Which of the following statements is TRUE? 

a) Gram-positive flagellar basal bodies have 4 protein rings. 
b) Gram-negative flagellar basal bodies have 2 protein rings.  
c) Gram-positive flagellar basal bodies have 2 protein rings.  
d) Gram-positive & gram-negative flagellar basal bodies have 4 protein rings.  
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CONCEPT: PROKARYOTIC FLAGELLAR STRUCTURE 
Gram-Negative vs. Gram-Positive Basal Body Structure 
●Due to the presence of an __________ membrane in gram-negative cells, they require an additional ____ rings.  
EXAMPLE: Gram-negative vs. Gram-positive basal body structure.  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Why do gram-negative flagellar basal bodies have an L-ring while gram-positive flagellar basal bodies do not?  

a) Gram-positive bacterial cells do not have an outer membrane where the L-ring is located.  
b) Gram-negative bacterial cells have larger flagella and require more basal body rings for support.  
c) Gram-negative bacterial cells have a thicker cell wall and require the L-ring for support.  
d) Gram-positive bacterial cells have a P-ring which performs the same functions as the L-ring in gram-negative cells.   
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CONCEPT: PROKARYOTIC FLAGELLAR MOVEMENT  

●Recall: motility is the ability for an organism to _________ on its own. 

●____________________ or Flagellar Motility: the process of cell movement powered by rotation of flagella.  

□ When flagella start to rotate in the ________________ direction, the cell stops swimming.  

EXAMPLE: Rotational direction of the flagellum controls the swimming motility of a monotrichous cell. 

 

 

 

 

 

 

 

 

Runs and Tumbles  

●A swimming cell typically moves in a pattern of stop-and-go repeats called ________ & tumbles. 

 1) Run: a ___________ swimming movement of the cell as the flagella rotate.  

 2) ____________: random, abrupt change in direction as the flagella rotate in the opposite direction. 

EXAMPLE: The Run-and-Tumble method of swimming motility by a peritrichous bacterial cell. 

 

 

 

 

  

 

 

 

 

 

 

 

 

●Like all other motors, rotation of the flagella requires _____________ in the form of a Proton Motive Force (PMF). 
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CONCEPT: PROKARYOTIC FLAGELLAR MOVEMENT  

PRACTICE: Movement in bacteria 

a) Is directly to or away from a stimulus. 

b) Relies on the beating of cilia. 

c) Is often referred to as run and tumble. 

d) May involve pili. 

e) Includes many types of movement that utilize pili and flagella. 

 

 

PRACTICE: "Tumbles" and straight-line "runs" are associated with: 

a) The action of fimbriae. 

b) How a pilus transfers DNA. 

c) Flagellar motility. 

d) Twitching motility. 

e) None of the above. 

 

 

 

 

 

 

PRACTICE: A bacteria can rotate its flagellum clockwise or counterclockwise. If the bacterial cell wants to stop swimming, 

which direction will it rotate its flagellum?  

a) Clockwise. 

b) Counterclockwise. 

c) To stop moving the bacterium will not rotate its flagellum at all.  
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CONCEPT: PROTON MOTIVE FORCE DRIVES FLAGELLAR MOTILITY 
●Proton Motive Force (_______): energy generated from the transport of ___________ (H+) across a plasma membrane.  

1) Protons are pumped from the periplasm __________ the cell cytoplasm. 
2) ____________ interact with charged amino acids on MS ring proteins.  
3) Interaction with the MS ring causes the __________________ to rotate. 

●The ___________ that protons are pumped into the cell controls the rotational speed of the flagella. 
EXAMPLE: Protons pumped into the cell cause the flagellar motor to rotate.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Energy from the PMF is used to move the cell towards a more favorable environment.  
 
PRACTICE: Energy generated from a proton motive force (PMF) can be used to power: 

a) Twitching motility. 
b) Flagellar rotation. 
c) Gliding motility.  
d) Conjugation.  
e) Flagellar synthesis. 
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CONCEPT: CHEMOTAXIS 
●Recall: Energy from a __________ is used to move a cell towards a more favorable environment using its flagella. 
●Chemotaxis: the movement of a cell ______________ chemoattractants & ___________ from chemorepellents.  

 □ Chemoattractant: a chemical that ______________ motile cells (positive chemotaxis). 
 □ Chemorepellent: a chemical that _______________ motile cells (negative chemotaxis). 
●__________taxis: the cell movement towards (positive) or away from (negative) light.  
EXAMPLE: Chemotaxis of motile cells towards or away from certain chemicals.  
 
 
 
 
 
 
●The path that motile cells take towards or away from something is ________ a continuous straight line. 
 
PRACTICE: Structures external to the bacterial cell wall that is used for motility (movement) by chemotaxis: 

a) Endospores. 
b) Capsules. 
c) Flagella. 
d) Pili. 
e) Ribosomes. 

 
 
PRACTICE: A bacterial cell moving away from the light would be an example of… 

a) Positive phototaxis. 
b) Negative phototaxis. 
c) Positive chemotaxis. 
d) Negative chemotaxis.. 

 
 
 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 69



CONCEPT: CHEMOTAXIS 
Cell Motility During Chemotaxis 
●Recall: Motile cells use their flagella in a run-and-tumble mechanism, changing directions during each _____________. 
●When an attractant is present, a cell begins to move in the direction of _____________________ concentration.  

□ Cells sense the concentration change & respond by controlling the length of each _______. 
  □ If concentration gets _______, the runs become longer. 
  □ If concentration gets _____________, the runs become shorter. 
EXAMPLE: Swimming motility of a peritrichous cell in the absence & presence of a chemical attractant.  
 
 
 
 
 
 
 
 
 
 
 
●The _____________ effect occurs when a cell encounters a repellent.  
 
PRACTICE: A common attractant for bacteria is glucose sugar. Bacteria placed in a cup of water with dissolved glucose are 
going to change their movements depending on the concentration of the glucose. If the concentration of glucose increases 
the bacteria will… 

a) Have longer runs. 
b) Have an increased number of tumbles.  
c) Have shorter runs.  

PRACTICE: If an E. coli bacterium finds itself moving away from an attractant how will its movements change?  
a) The runs will become longer and the tumbles less frequent.  
b) The runs will become shorter and the tumbles less frequent.  
c) The runs will become longer and the tumbles more frequent.  
d) The runs will become shorter and the tumbles more frequent.  
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CONCEPT: REVIEW OF PROKARYOTIC SURFACE STRUCTURES 
●Now let’s review the different prokaryotic cell surface structures: 
 
 
 
 
 
 
 
 
 
 
 
 
Types of Cell Motility  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which prokaryotic cell surface structure is correctly matched with its function?  

a) Hami: Short protein filaments that hold bacterial cells together.  
b) Flagella: Long protein filaments that allow cells to swim.  
c) Fimbriae: Short pilin filaments which hold archaea cells together.  
d) Pili: Long filaments of pilin that are only used in DNA transfer between bacterial cells.  

 

Long protein filaments that ____________ from the cell surface. 

Short filaments extending from the cell, used for attachment. 
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CONCEPT: PROKARYOTIC RIBOSOMES 
●__________________: cell structure consisting of large & small ____________ that perform protein synthesis. 
 □ Subunits consist of multiple _______________ & ribosomal RNA (_______). 

 
Structure of Prokaryotic Ribosomes 
●Sedimentation coefficient (Svedberg = S): characterizes _________ of sedimentation & particle behavior in a centrifuge. 

□ The greater the S value, the ________________ a molecule centrifuges.  
● Prokaryotes have ______S ribosomes with a large 50S & small 30S ribosomal subunits. 
●The 50S ____________ subunit has 23S & 5S rRNAs & the 30S small subunit has a _____S rRNA.  
EXAMPLE: The size of a prokaryotic ribosome and its components. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Archaeal & bacterial ribosomes are the same size but differ in _____ important ways: 
 1) The sequence of the ________ are different. 
 2) Archaeal ribosomes have __________ proteins in each subunit. 
 □ This is why archaea are _____-affected by antibiotics that target protein synthesis of bacteria. 
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CONCEPT: PROKARYOTIC RIBOSOMES 
PRACTICE: Which of the following statements about ribosomes is FALSE? 

a) Ribosomes synthesize new lipids. 
b) Ribosomes synthesize new proteins. 
c) Ribosomes are made of protein. 
d) Ribosomes are made of RNA. 

 
 
 
PRACTICE: Prokaryotic 70S ribosomes are composed of which of the following subunits?  

a) 40S and 40S 
b) 40S and 50S 
c) 30S and 50S 
d) 30S and 40S 
e) 50S and 50S 

 
 
 
PRACTICE: Svedbergs are a measurement of the size and sedimentation rate of cellular structures such as ribosomes. 

a) True 
b) False 

 
 
PRACTICE: How are prokaryotic and archaeal ribosomes different from one another? 

a) Large and small subunits are different in size. 
b) The sequences of rRNAs are different.  
c) Archaeal ribosomes have less proteins per subunit than prokaryotes.  
d) Archaeal ribosomes have more proteins per subunit than prokaryotes.  
e) A and C. 
f) B and D. 
g) B and C. 
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CONCEPT: INTRODUCTION TO BACTERIAL PLASMIDS 
●______________: small molecules of circular, double-stranded DNA replicated independently of the cell’s chromosome. 
 □ Contain genes that are typically _______ required for the cell to survive.  
 □ Replicated by the cell’s ______ Polymerase. 

●_____________: a cell loses its plasmid which can happen spontaneously, or it can be induced chemically.  
EXAMPLE: Plasmid curing with chemical induction.  
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of these is NOT true regarding bacterial plasmids?  

a) Bacterial plasmids are found in all bacteria.  
b) Bacterial plasmids are not essential for bacterial life.  
c) Bacterial plasmids replicate independently of the bacterial chromosome.  
d) Bacteria can lose their plasmids in a process called “plasmid curing”.  
e) Bacterial plasmids are replicated by the same DNA machinery that replicated the bacterial chromosome.  

 
 
PRACTICE: Which types of genes are commonly found in bacterial plasmids?  

a) Genes that encode for proteins used in cellular respiration.  
b) Genes that encode for proteins used in DNA replication.  
c) Genes that encode for antibiotic resistance.  
d) Genes that encode for cell envelope/membrane development.  
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CONCEPT: INTRODUCTION TO BACTERIAL PLASMIDS 
Episomes 
●_______________: special type of plasmid that is able to integrate into the chromosome.  
 □ Integrated DNA is __________________ with the chromosomal DNA & inherited by the daughter cells.  
EXMPLE: Episomes are plasmids that can integrate into a bacterial chromosome. 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Episomes differ from normal bacterial plasmids because… 

a) Episomes carry genes that are not vital to a bacterial cell’s life.  
b) Episomes do not replicate independently of the bacterial chromosome.  
c) Episomes are replicated by the same DNA machinery that replicated the bacterial chromosome.  
d) Episomes are integrated into the bacterial chromosome.  
e) A and C.  
f) B and D.  

 
PRACTICE: Some bacterial viruses (lysogenic phages) carry viral DNA that acts like an episome. When a bacterial cell that 
is infected by a lysogenic phage replicates, what happens to the viral DNA?  

a) The viral DNA remains separate from the bacterial chromosome and is not passed on to the daughter cells.  
b) The viral DNA is incorporated into the bacterial chromosome and passed on to the daughter cells. 
c) That viral DNA remains separate from the bacterial chromosome but is still passed on to the daughter cells. 
d) The viral DNA is degraded by the bacterial cell.  
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CONCEPT: CELL INCLUSIONS 

●______________: cytoplasmic molecular aggregates that are diverse in structure & function. 

●Some are stored as insoluble granules while others are enveloped by ______________, a lipid membrane or both. 

□ Granules: __________ particles that are barely visible by a microscope.  

 

Types of Inclusions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following statements about gas vesicles is TRUE? 

a) Bacteria use them to align with the Earth’s magnetic field. 

b) They store phosphate molecules as granules. 

c) They are used to control the cell’s buoyancy in aquatic environments.  

d) They are the site of Carbon fixation. 

e) None of the above are true. 

 

PRACTICE: Which of the following inclusion bodies contain iron? 

a) Gas vesicles.     c) Storage granules.  

b) Magnetosome.    d) Carboxysomes.  

Intracellular chains of iron-containing molecules enclosed within a membrane.  
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CONCEPT: ENDOSPORES 
●Recall: John Tyndall discovered a heat-resistant form of bacterial cells which were later termed endospores. 
●Endospores: a _______________ cell produced by some bacteria that are resistant to damaging conditions.  
 □ Resistant to conditions like extreme __________, toxic chemicals & ________________ depletion. 

 □ Endospores are _______ a form replication, they are a form of survival, it starts & ends with a single cell.  
●________________ Cell: a normal, replicating cell that is not dormant.   
EXAMPLE: Vegetative cell forms endospores when nutrients are depleted. 
 
 
 
 
 
 
 
 
●Endospores are usually only produced by the gram-_______________ bacteria Bacillus & Clostridium. 

●Endospores are dormant like winter clothes in the summer in the Back of your Closet (when temp. is positive Celsius).  
 
 
PRACTIC: Endospores are: 

a) A dormant cell-type.    c)   A form of reproduction. 
b) A type of vegetative cell.    d)   Sensitive to damaging environmental conditions. 

 
 
PRACTICE: Formation of endospores _________. 

a) Allows bacterial reproduction. 
b) Occurs when the cell is in thriving environmental conditions. 
c) Is called germination. 
d) Can be triggered by adverse environmental conditions. 
e) Occurs in all bacterial cells. 

 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 77



CONCEPT: ENDOSPORES 
PRACTICE: What 2 bacterial genera produce endospores? 

a) Escherichia and Bacillus. 
b) Staphylococcus and Streptococcus. 
c) Clostridium and Bacillus. 
d) Enterobactor and Clostridium. 
e) Citrobacter and Staphylococcus. 

 
Endospore Structure  
●An endospore consists of 5-6 layers surrounding the innermost region called the ___________. 
 □ The more _____________ an endospore has, the more protected it is from the environment.  
 
 
 
 
 
 
 
 
 
 
 
●Sporulation: process of endospore ______________ from a vegetative cell when the environment is unfavorable. 
 
PRACTICE: An endospore contains all of the following except: 

a) Exosporium.   c)   Cortex.   e)   Spore Coat. 
b) S-layer.    d)   Germ Cell Wall.  

 
 

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 78



CONCEPT: SPORULATION  
●Recall: _____________________ is the process of endospore formation from a vegetative cell.  
 □ Starts when essential nutrients are ____________ from the environment. 
●Sporulation takes place in _____ steps: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
●Forespore: precursor of an endospore that is still completely engulfed _________________ the cell. 
 
PRACTICE: During sporulation, the formation of the _________ divides the cell into large and small compartments. 

a) Forespore. 
b) Cell wall. 
c) Septum. 
d) Spore coat. 
e) Plasma membrane. 
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CONCEPT: GERMINATION 
●________________________: the process of an endospore exiting its dormant state & reverting back to a vegetative cell.  
 □ Endospores detect nutrients in the environment that are _________________ for vegetative cell growth.  
 □ The core begins to absorb water & cellular enzymes become _____________ as the cell grows.  
●Eventually, the endospore grows out of its protective layers & returns to a vegetative cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of these answers is NOT a reason why an endospore would begin the process of germination?  

a) The environment the endospore is in increased in nutrient concentration.  
b) The temperature of the environment the endospore is in became more favorable to life.  
c) The pH of the of the environment the endospore is in became more favorable to life.  
d) The environment the endospore is in became too dry to support life.  
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CONCEPT: MITOSIS & MEIOSIS 
●Eukaryotic cells divide via either Mitosis or Meiosis.  

 
Mitosis 
●______________: the asexual process of dividing the nucleus & the genetic material of a somatic (body) cell. 

 □ Starts with one diploid cell & ends with ______ genetically identical ____________ cells. 
 □ Mitosis consists of ______ different phases: 
 
 
 
 
 
 
 
 
 
 
 
 
How to Remember the Order of the Phases of Mitosis 
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CONCEPT: MITOSIS & MEIOSIS  
PRACTICE: The correct sequence for the phases of mitosis is: 

a) Prophase - prometaphase - metaphase - anaphase – telophase. 
b) Prophase - prometaphase - anaphase - metaphase – telophase. 
c) Prophase - prometaphase - metaphase - anaphase – telophase. 
d) Prometaphase - prophase - metaphase - anaphase – telophase. 
e) Metaphase - anaphase - interphase - prophase – telophase. 

 
Meiosis 
●Meiosis starts with a diploid _____________ cell & ends with _____ genetically diverse _____________ gametes. 
●Meiosis is broken down into ______ rounds of cell division: 

1) Meiosis I (Reductional Division): reduces ploidy by separating homologous ________________________. 

  □ Diploid (2n) germ cell divides into ______ haploid (n) daughter cells. 

2) Meiosis II (Equational Division): maintains equal ploidy by separating sister ____________________. 
  □ Haploid (n) cells from meiosis I divide producing ______ genetically diverse haploid (n) gametes. 
EXAMPLE: Meiosis I & Meiosis II. 
 
 
 
 
 
 
 
 
 
PRACTICE: In Meiosis I, cytokinesis usually occurs after telophase I and produces: 

a) Four diploid cells.    c)   Four haploid cells. 
b) Two haploid cells.    d)   Two diploid cells. 

 
PRACTICE: In Meiosis II, ________ cells are divided into 4 ___________ daughter cells. 

a) Diploid; Haploid.     c)   Haploid; Haploid.  
b) Haploid; Diploid.     d)   Diploid; Diploid. 

2

1
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CONCEPT: INTRODUCTION TO EUKARYOTIC ORGANELLES 
●Recall: Eukaryotic cells contain several __________________-bound organelles. 
 □ Some organelles of animal & plant cells _____________ from each other. 
EXAMPLE: Eukaryotic Organelles. 
 
 
 
 
 
 
 
 
 
 
 
 
Eukaryotic Ribosomes 
●Sometimes _______________________ are referred to as “non-membranous organelles.” 
 □ Ribosomes can either be “_________” (floating in cytoplasm) or ______________ to another organelle (rough ER). 
● Eukaryotes have ______S ribosomes with a large 60S & small 40S ribosomal subunit. 
●The _____________ subunit has 28S, 5.8S, & 5S rRNAs & the small subunit has an _____S rRNA.  
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CONCEPT: INTRODUCTION TO EUKARYOTIC ORGANELLES 
Map of the Lesson on Eukaryotic Organelles 

 
 
 
 
 
 
 
 
 
 
PRACTICE: Using the map above, which of the following is NOT a component of the cytoskeleton in eukaryotic cells? 

a) Intermediate filaments. 
b) Microtubules. 
c) Tight junctions. 
d) Microfilaments.  

 
PRACTICE: Using the map above, what two organelles produce cellular energy in eukaryotic cells? 

a) Mitochondria and Golgi Apparatus.  
b) Chloroplast and Nucleus. 
c) Lysosomes and Rough ER. 
d) Chloroplast and Smooth ER. 
e) Mitochondria and Chloroplasts. 
f) Microtubules and Chloroplasts. 

 
PRACTICE: Which of the following is NOT part of the Eukaryotic endomembrane system? 

a) Mitochondria. 
b) Cell membrane.  
c) Golgi Apparatus. 
d) Lysosomes.  
e) All are part of the endomembrane system. 
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CONCEPT: ENDOMEMBRANE SYSTEM: PROTEIN SECRETION 
●Endomembrane System: a group of _______________-bound organelles ____________ a eukaryotic cell. 
 □ Includes many organelles that are interconnected by __________________ (little membrane bubbles). 
 □ Has multiple functions including protein ________________ & cellular _________________. 
EXAMPLE: Organelles of the Endomembrane System. 
 
 
 
 
 
 
Protein Secretion 
●Secretion: a process by which a substance is __________________ into the environment. 
 □ Protein secretion involves several organelles that interact in a specific _____________. 
 
 
1) Nucleus 
●Protein secretion starts in the _____________, which stores DNA, the “recipe/code” for making the protein. 
●Nucleus: a rounded structure that contains & protects most of a eukaryotic cell’s __________. 
 □ Nuclear ______________________: the double-membrane that surrounds the nucleus & acts as its barrier.  
 □ Nuclear Pores: tiny “____________” in the nuclear envelope that allow entry/exit into & out of the nucleus. 
 □ Nucleolus: a small dense structure inside the nucleus where ____________________ are assembled.  
EXAMPLE: Eukaryotic Nucleus. 

 
 
 
 

 
 
 

 
●DNA in the nucleus is transcribed into RNA, which is then translated into a _____________ (more details on this later). 
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CONCEPT: ENDOMEMBRANE SYSTEM: PROTEIN SECRETION 
PRACTICE: Which part of the nucleus is responsible for assembling ribosomes and ribosomal RNA? 

a) The mitochondria.  
b) Nuclear Envelope.   
c) Nuclear pores.  
d) Nucleolus. 

 
2) Endoplasmic Reticulum   
●Endoplasmic Reticulum (______): membranous structures continuous with the nuclear envelope with multiple functions. 
 □ ER ___________: the internal space/compartment of the ER. 
  1) Rough ER (_______): closer to nucleus with a _____________, _________________-coated surface. 

  □ Newly built _______________ fold & are modified in the rER lumen. 
  2) Smooth ER (_______): further from nucleus with a ______________, ribosome-__________ surface. 
   □ Synthesizes _____________ & detoxifies drugs/poisons.  
EXAMPLE: Rough ER vs. Smooth ER. 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is most likely to have the greatest concentration of smooth endoplasmic reticulum? 

a) A cell that secretes enzymes. 
b) A cell that destroys pathogens. 
c) A cell that makes steroid hormones. 
d) A cell that engages in photosynthesis. 
e) A cell that manufactures proteins. 
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CONCEPT: ENDOMEMBRANE SYSTEM: PROTEIN SECRETION 
3) Golgi Apparatus 
●Molecules synthesized in the ER (ex. proteins & lipids) are transported by vesicles to the ____________ apparatus. 
●Golgi Apparatus: stack of flat, membranous sacs (_______________) that function as a “processing center.” 
 □ _____________ vesicles, ________________ vesicle contents, & repackages contents into vesicles for export. 
 □ Receiving end of the Golgi = “________” end.  □ Shipping end of the Golgi = “___________” end. 
 □ Some vesicles shipped from Golgi apparatus can fuse with the cell membrane for ____________________. 
EXAMPLE: Golgi Apparatus. 
 
 
 
 
 
 
 
 
 
 

 
PRACTICE: Which of the following is the most common pathway taken for a newly synthesized protein to be secreted? 

a) Rough ER → Golgi→ Transport vesicle → Nucleus. 
b) Golgi → Rough ER → Lysosome → Transport vesicle → Cell membrane. 
c) Rough ER → Golgi → Transport vesicle → Cell membrane. 
d) Rough ER → Lysosome → Transport vesicle → Cell membrane. 
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CONCEPT: ENDOMEMBRANE SYSTEM: DIGESTIVE ORGANELLES 
●Recall: some of the organelles of the endomembrane system are more specialized for cellular ________________. 
 
Lysosomes & Peroxisomes 
●_____________________: acidic vesicles of digestive enzymes that breakdown & recycle food, debris, bacteria, etc. 
 □ Primarily found only in ________________ cells & originate at the ____________ apparatus.  
●_____________________: vesicles of enzymes that breakdown __________ compounds (ex. H2O2) & fatty acids. 
 □ Found in _________ eukaryotic cells & originate at the ______________ endoplasmic reticulum (rER). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Hydrolytic enzymes must be segregated and packaged to prevent general destruction of cellular components. 
In animal cells, which of the following organelles contains these hydrolytic enzymes? 

a) Rough ER.  b)   Central vacuole.  c)   Smooth ER.  d)   Lysosomes.  e)   Golgi apparatus. 
 
PRACTICE: Which of the following organelles are involved in cellular digestion? 

a) Golgi Apparatus & Vesicles. 
b) Nucleus & Nucleolus. 
c) Lysosomes & Peroxisomes. 
d) Smooth & Rough Endoplasmic Reticulum. 
e) Nucleus & Chloroplasts. 
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CONCEPT: ENDOMEMBRANE SYSTEM: DIGESTIVE ORGANELLES 
Central Vacuole 
●Central _______________: large membrane-enclosed vesicle in ___________ cells that degrade & recycle molecules. 
 □ Other functions include filling up with water to exert ____________ pressure against cell membrane. 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which are recycling centers for the cell? 

a) Ribosome and Golgi apparatus. 
b) Endoplasmic reticulum and chloroplast. 
c) Mitochondria and nucleus. 
d) Central vacuole and lysosome. 
e) All are correct. 

 
 
PRACTICE: Which type of plant organelle often occupies the majority of the cell’s volume? 

a) Food vacuole. 
b) Plant vacuole.  
c) Central vacuole. 
d) Contractile vacuoles.  
e) Chloroplasts. 
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CONCEPT: MITOCHONDRIA & CHLOROPLASTS 
Mitochondria 
●Mitochondria (“The Powerhouse of the Cell”): organelles that synthesize lots of ___________ for the cell. 
 □ Adenosine Triphosphate (________): high energy molecule used to “power” cellular reactions. 
 □ Cellular Respiration: mitochondrial process that breaks down food sources like sugars & lipids to make ATP. 
  
 
 
 
 
 
 
EXAMPLE: Which of the following processes is highly associated with mitochondria? 

a) Photosynthesis.  b)   Plasmolysis.  c)   Cellular Respiration.   d)   Crenation. 
 
Mitochondria Structure 
●Mitochondria vary in shape & have their own ribosomes & __________ that is independent of the nuclear DNA. 
 □ Mitochondria have _______ membranes: 
  1) ____________ membrane  & 2) Folded ______________ membrane (cristae ≈ folds). 
  □ ________-membrane Space: region in-between the two membranes.  
  □ ____________: region within the inner membrane containing enzymes, ribosomes, & mitochondrial DNA. 
 
 
 
 
 
 
 
 
 
PRACTICE: Which part of a mitochondria contains the mitochondrial DNA, ribosomes, and enzymes? 

a) Cristae.  b)   Matrix.  c)   Inter-membrane space.   d)   Cytoplasm.  

MICROBIOLOGY - OPENSTAX 1E

CH. 3 - THE CELL

Page 90



CONCEPT: MITOCHONDRIA & CHLOROPLASTS 
Chloroplasts 
●Chloroplasts: green organelles that function as the site of _______________________ in many plant cells. 
 □ Photosynthesis: process that uses energy from _________________ to synthesize sugars (glucose). 
 
 
 
 
 
 
PRACTICE: The products of photosynthesis are: 

a) Water & Carbon Dioxide. b)   Oxygen & Water.  c)   Sugar & Water.    d)   Oxygen & Sugar. 
 
 
Chloroplast Structure 
●Chloroplasts have ______ membranes (outer & inner), but unlike mitochondria, neither have folds/cristae. 
 □ Thylakoids: interconnected _______________-shaped sacs within the chloroplast. 
 □ Grana: _____________ of thylakoids (or “green pancake stacks”). 
 □ _____________: innermost region of the chloroplast containing enzymes, ribosomes, & chloroplast DNA. 
 
 
 
 
 
 
 
 
 
PRACTICE: Thylakoids, DNA, and ribosomes are all components found in ________. 

a) Chloroplasts. b)   Mitochondria. c)   Lysosomes.    d).  Vacuoles.    e)   Nuclear Envelopes. 
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CONCEPT: ENDOSYMBIOTIC THEORY 
●Endosymbiotic Theory: mitochondria & chloroplasts were once independently living _________________. 
●~1.5 __________ years ago, an aerobic bacterium was engulfed by an anerobic host cell, making a symbiotic relationship. 
 □ Over time, the aerobic bacterium lost many genes/abilities & developed into today’s ___________________. 
 □ Photosynthetic Cyanobacterium were engulfed by a host cell & over time, evolved to the ___________________. 
EXAMPLE: Endosymbiotic Theory. 
 
 
 
 
 
 
 
 
 
●Supporting evidence includes ______________________ between mitochondria/chloroplasts & prokaryotes. 
 □ Both have/do:      1) small circular DNA, 2) 70S ribosomes,  3) replicate via ______________ fission. 
 □ Also, mitochondria & chloroplast both have outer & ____________ membranes (consistent with engulfment). 
 
 
PRACTICE: Endosymbiotic theory is supported by the discovery of non-nuclear DNA in the ______ and ________ organelles. 

a) Golgi apparatus and lysosomes. 
b) Mitochondria and lysosomes. 
c) Chloroplast and Golgi apparatus. 
d) Chloroplast and mitochondria. 

 
PRACTICE:  According to the endosymbiotic theory, which of the following is likely the ancestor of the mitochondria? 

a) Aerobic eukaryotes. 
b) Aerobic bacteria. 
c) Anaerobic bacteria. 
d) Cyanobacteria. 
e) Chloroplasts. 
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CONCEPT: INTRODUCTION TO THE CYTOSKELETON 
●Cytoskeleton: a network of elongated proteins in the ___________________ with multiple functions. 
 □ Functions include providing cell-____________, structure, __________________, transportation, & biosignaling.  
●________ major components of the cytoskeleton: 
 1) Microfilaments: __________________ in size & usually made of thin rods of repeating ___________ proteins. 
 2) Intermediate Filaments: _____________________ in size & made of variable proteins. 
 3) Microtubules: ___________________ in size & forming tubes made of repeating ______________ proteins. 
 
 
 
 
 
 

 

 
 
 
 
PRACTICE: Microfilaments are made of repeating subunits of… 

a) Actin proteins.  
b) Tubulin proteins.  
c) Micro proteins.  
d) A variety of proteins.  

 
 

PRACTICE: Which of the following is NOT a part of the cytoskeletal system of a cell? 
a) Microtubules. 
b) Intermediate Filaments.  
c) Chromatin. 
d) Microfilaments.  
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CONCEPT: EUKARYOTIC CILIA & FLAGELLA 
●Microtubules are a major structural component of ____________ & __________________, which provide cell movement. 
 □ Extend ______________ from the cell surface & are anchored to the cell by a basal body. 
●Cilia are short, “_________-like” structures covering the cell & flagella are long, “_________-like” structures.   
 □ Both cilia & flagella made-up of long microtubules together in a 9 + _____ arrangement. 
 □ 9 + 2 Arrangement: 9 __________ of microtubules surrounding 2 central microtubules. 
EXAMPLE: The 9 + 2 arrangement of microtubules in cilia and flagella.  
 
 
 
 
 
 
 
 
 
 
PRACTICE: Eukaryotic cilia & flagella are made of: 

a) Intermediate filaments. 
b) Microtubules. 
c) Chitin. 
d) Phospholipids.  
e) Cellulose.  

 
 
PRACTICE: What does the 9 + 2 arrangement of microtubules refer to in structures of cilia and flagella? 

a) The microtubules’ length. 
b) The microtubules’ association with the basal body.  
c) The microtubules’ arrangement in the axoneme. 
d) The microtubules’ arrangement embedded in the cytoplasmic membrane.  
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CONCEPT: EUKARYOTIC CILIA & FLAGELLA 
Eukaryotic Cilia vs. Flagella Motility 
●Cilia & flagella have similar overall structure, but each are associated with a different type of cell _________________.  
 □ ___________: move like “oars” to move objects around the cell or to provide cell movement. 
 □ _______________: move in a “whip-like” motion propelling the cell; powered by ATP hydrolysis. 

EXAMPLE: Cilia vs. Flagella motility.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PRACTICE: Which of the following is not true regarding cilia and flagella?  

a) Both cilia and flagella can provide a form of locomotion for the cell.  
b) Cilia are shorter and more “hair-like” while flagella are longer and more “tail-like”.  
c) Cilia move with a “whip-like” motion while flagella move like “oars” to propel the cell.  
d) Cilia can cover the entire cell’s surface while flagella are usually few in number and only at one end of the cell.  
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CONCEPT: CELL JUNCTIONS 
●Neighboring cells of eukaryotic organisms are able to directly ________________ with one another at cell junctions. 
 □ _______ types of cell junctions that link adjacent cells together: 
1) Tight junctions- membrane protein that joins neighboring cells together creating an impermeable barrier between them.   
2) Anchoring junctions (Desmosomes)- intermediate filaments that anchor neighboring cells together. 
3) Gap junctions- protein channel connecting the cytoplasm of two cells allowing for exchange of small molecules and ions. 
4) Plasmodesmatas- gap junctions that connect the cytoplasm of adjacent ___________ cells. 
EXAMPLE: 
  
 

 

 

 

 

 

 

 

 
 
PRACTICE: Which of the following are only in plant cells and not in animal cells? 

a) Gap junctions. 
b) Desmosomes. 
c) Plasmodesmata. 
d) Tight junctions. 

 
PRACTICE: Ions can travel directly from the cytoplasm of one animal cell to the cytoplasm of an adjacent cell through: 

a) Gap junctions. 
b) Desmosomes. 
c) Tight junctions. 
d) Intermediate filaments. 
e) Plasmodesmata. 
f) Actin filaments.  
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