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BIO3124 Final Exam 
  

Module 2: Microbial Cell Structure and Metabolism 

Describe internal and external structures of prokaryotic (bacteria and archaea) and 
eukaryotic cells in terms of their physical structure, chemical structure, and function.  
(A) Prokaryotic cells 
• A typical prokaryotic cell contains (1) a cell 

membrane, (2) chromosomal DNA that is 
concentrated in a nucleoid and extrachromosomal 
DNA called plasmids, (3) ribosomes, and (4) a cell 
wall.  

• Some prokaryotic cells may also possess flagella, 
pili, fimbriae, and capsules.  

• Cells of Bacteria and Archaea vary in size. For a 
cell, there are advantages to being small: 

- More surface area relative to cell volume than large 
cells (i.e., higher S/V ratio). 

- Support greater nutrient and waste product exchange per unit cell volume.  
- Smaller cells tend to grow faster than larger cells (partly because cell division rate is higher 

due to smaller proteins being easier to replicate, and for given amount of resources, larger 
population of small cells can be supported).  

- Mutations lead to faster evolution: prokaryotic cells are genetically haploid (typically only 
have one copy of each gene so mutations are expressed immediately).  

- Eukaryotic cells adapt slower because their diploid character allows for a mutation in one 
gene to be masked by a second, unmutated gene copy.  

Cell membrane 
• Bacterial cytoplasmic membrane:  
- Cell membrane of all cells is a 

phospholipid bilayer containing 
embedded proteins. Phospholipids are 
composed of both hydrophobic and 
hydrophilic components.  

- In Bacteria and Eukarya, hydrophobic 
component consists of fatty acids, 
hydrophilic component consists of a 
g lyce ro l mo lecu l e con t a in ing 
phosphate and one of several other 
functional groups (e.g. sugars, 
ethanolamine, choline) bonded to the  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- phosphate. 
- Fatty acids point inward toward each other to form a hydrophobic region, hydrophilic portion 

remains exposed to either the environment or the cytoplasm.  
- A variety of proteins are attached to or integrated into cytoplasmic membrane; membrane 

proteins typically have hydrophobic domains that span the membrane and hydrophilic 
domains that contact the environment or cytoplasm. Proteins significantly embedded in the 
membrane are called integral membrane proteins, and peripheral membrane proteins are 
more loosely attached.  

- Ester linkages bond fatty acids to glycerol. 

• Archaeal cytoplasmic membrane:  
- Has different lipid constituents and chemistry, but structurally similar.  
- Unlike Bacteria and Eukarya, in which ester linkages bond fatty acids to glycerol, the lipids 

of Archaea contain ether linkages between glycerol and a hydrophobic side chain that is not a 
fatty acid, but rather repeating units of the five-carbon hydrocarbon isoprene.  

- Archaea can form membranes with lipid monolayers or bilayers. In a monolayer, one 
isoprene chain has two polar heads instead of just one.  

• Cytoplasmic membrane function:  
Has at least three major functions:  
- Permeability barrier: prevents passive leakage of solutes into or out of the cell, functions as a 

gateway for transport of nutrients into, and wastes out of, the cell. The cell membrane is a 
barrier to diffusion of most substances, especially polar or charged molecules. Thus, most 
substances that enter or leave the cell must be transported. Transport proteins function to 
accumulate solutes against the concentration gradient.  

- Protein anchor: site of proteins that participate in transport, bioenergetics, and chemotaxis. 
Also holds transport proteins in place.  

- Energy conservation: site of generation and dissipation of the proton motor force. Membrane 
is energized when protons (H+) are separated from hydroxyl ions (OH-) across membrane 
surface. Charge separation creates energized state of membrane called proton motive force.  

 
Cell wall  
• All cells have a cytoplasmic 

membrane, but not all have a 
cell wall. However, only a few 
prokaryotes lack cell walls:  

- M y c o p l a s m a s ( g r o u p o f 
pathogenic bacteria related to 
gram-positive Bacteria)  

- Thermoplasma (Archaea)  
- T h e s e c e l l s h a v e t o u g h 

cytoplasmic membranes (e.g., 
sterols or lipoglycans).  



!3

• Function:  
- In cells that lack a cell wall, changes in osmotic 

pressure can lead to crenation in hypertonic 
environments or cell lysis in hypotonic 
environments. 

- In prokaryotic cells, the cell wall provides some 
protection against changes in osmotic pressure, 
allowing it to maintain its shape longer. The cell 
membrane is typically attached to the cell wall 
in an isotonic medium (left). In a hypertonic 
medium, the cell membrane detaches from the 
cell wall and contracts (plasmolysis) as water 
leaves the cell. In a hypotonic medium (right), the cell wall prevents the cell membrane from 
expanding to the point of bursting, although lysis will eventually occur if too much water is 
absorbed. 

• The cytoplasm of prokaryotic cells maintains a high concentration of dissolved solutes that 
creates significant osmotic pressure. To withstand these pressures and prevent bursting—a 
process called cell lysis—most cells of Bacteria and Archaea have a layer outside the 
cytoplasmic membrane called the cell wall. Besides protecting against osmotic lysis, cell 
walls also confer shape and rigidity on the cell.  

• Cells of Bacteria can be divided into two major groups: Gram-positive and Gram-negative: 
distinction based on the Gram stain reaction.  

- Gram stain: Most well established method for distinguishing bacterial morphology and cell 
wall composition.  

- After Gram staining, Gram + retain the crystal violet dye but Gram – do not. A counterstain 
is added (fuchsine or safranin) and whilst Gram + stay violet-blue, Gram - retain the red 
ofthe safranin. Colour difference due to differences in the cell wall structure: Gram-negative 
cell wall (or cell envelope) consists of at least two layers, whereas Gram-positive cell wall is 
typically thicker and consists primarily of a single type of molecule.  

• Cell walls of Bacteria contain a rigid polysaccharide called peptidoglycan: rigid layer that 
provides strength. Found in all Bacteria that contain a cell wall, but not present in the cell 
walls of Archaea or Eukarya.  

Typically composed of: 
- Alternating repeats of two modified 

m o d i f i e d g l u c o s e r e s i d u e s ( N -
acetylglucosamine and N-acetylmuramic 
acid) in β-1,4 linkages;  

- Amino acids L-alanine, D-alanine, D-
glutamic acid, and either L-lysine or 
diaminopimelic acid (DAP);  

- These constituents are connected in an 
ordered way to form the g lycan 

https://etext.pearson.com/eps/pearson-reader/api/item/b5e6497d-0281-44d4-adb1-f32a4fdb2ba4/1/file/madigan_bender_buckley_15e_v4_SPI_060517/OPS/xhtml/ch02_pg0026.xhtml#P7001013755000000000000000001384
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tetrapeptide and long chains of this basic unit form peptidoglycan. 
- Cross-linked differently in Gram-negative bacteria and Gram-positive bacteria (often 

“interbridges”). 
- Can be destroyed by lysozyme (enzymes that 

cleave glycosidic bond between sugars), 
which is found in human secretions (major 
defence against bacterial infection);  

- 100+ distinct peptidoglycans have been 
described. 

• Strands of peptidoglycan are biosynthesized 
adjacent to one another to form a sheet 
surrounding the cell, and individual strands 
are connected by peptide cross-links.  

• In Gram-negative bacteria, the cross-link 
forms from the amino group of DAP of one 
glycan strand to the carboxyl group of the 
terminal D-alanine on the adjacent glycan 
strand.  

• In Gram-positive bacteria, the cross-link 
often contains a short peptide “interbridge,” 
the kinds and numbers of amino acids in the 
interbridge varying between species (e.g. in 
Staphylococcus aureus, interbridge consists of 
five glycines).  

• Structure of Gram-positive cell wall:  
- Up to 90 percent of cell wall composed of 

peptidoglycan; 
- Common to have teichoic acids (acidic 

substances) covalently bound to peptidoglycan. 
These acidic substances bind divalent metal ions 
(e.g., Ca+2 and Mg+2) prior to their transport 
into cell.  

- Some teichoic acids are covalently bonded to 
membrane lipids rather than to peptidoglycan, 
and these are called lipoteichoic acids.  

• Structure of Gram-negative cell wall:  
- Only a small amount of total 

c e l l w a l l c o n s i s t s o f  
peptidoglycan, as most of wall 
is composed of the outer 
membrane.  

- Outer membrane not only 
made of phospholipid and 
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protein as is a lipid bilayer: instead, also contains polysaccharide, and lipid and 
polysaccharide are linked to form a complex. Thus, often call the outer membrane the 
lipopolysaccharide (LPS) layer.  

Archaeal cell wall: certain cell walls contain a molecule that is 
remarkably similar to peptidoglycan, a polysaccharide called 
pseudomurein.  The backbone of pseudomurein is formed from 
alternating repeats of N-acetylglucosamine (also present in 
peptidoglycan) and N-acetyltalosaminuronic acid; the latter 
replaces the N-acetylmuramic acid of peptidoglycan.  Glycosidic 
bonds between the sugar derivatives are β-1,3 instead of β-1,4.  

Cell surface structures 
• Many Bacteria and Archaea secrete glycocalyces on their cell 

surface that consist of  polysaccharide layers (may be thick or 
thin, rigid or flexible). However, not part of cell wall because do 
not confer significant structural strength. 

- If the layer is organized in a tight matrix that excludes small particles and is tightly attached, 
it is called a capsule.  Capsules are readily visible by light microscopy if cells are treated with 
India ink. 

- If the layer is more easily deformed and loosely attached (e.g. Leuconostoc), it is called a 
slime layer. Slime layers assist in attachment to surfaces, and thus play a role in development 
and maintenance of biofilms. Slime layers also act as virulence factors (molecules that 
contribute to the pathogenicity of a bacterial pathogen and protect against phagocytosis) and 
prevent dehydration/desiccation.  

• Fimbriae and pili are thin filamentous protein structures, extend from the surface of a cell.  
- Fimbriae enable organisms to stick to surfaces or form pellicles (thin sheets of cells on a 

liquid surface). 
- Pili are typically longer, and fewer (1 or a few) found per cell than fimbriae. Two very 

important functions of pili include facilitating genetic exchange between cells in a process 
called conjugation (conjugative or sex pili) and allowing adherence to host tissues and 
supporting twitching motility (type IV pili).  

- Hami: an unusual group of Archaea, the SM1 group, forms a unique attachment structure 
called a hamus (plural, hami) that resembles a tiny grappling hook. They assist in surface 
attachment, forming biofilms.  

Cell inclusions  
• Inclusions function as energy reserves, carbon reservoirs, and/or have special functions; 
• Enclosed by a thin membrane that partitions off the inclusion in the cytoplasm; 
• Reduces osmotic stress; 
• Carbon storage polymers:  
- Poly-β-hydroxybutyric acid (PHB): lipid polymer, stored as lipid droplets.  PHB is produced 

by species of Bacillus and Pseudomonas. Industrially, PHB has also been used as a source of 
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biodegradable polymers for bioplastics. 
- Glycogen: glucose polymer.  
• Other types of stored energy or material: 
- Polyphosphate granules: inorganic phosphate storage;  
- Sulfur globules: elemental sulfur found in periplasm; 
- Carbonate minerals: biomineralization of barium, strontium, and magnesium;  
- Magnetosomes: biomineralized particles of the magnetic iron oxides; allow cell to undergo 

magnetotaxis: migration along magnetic field lines.  

Gas vesicles 
• Some Bacteria and Archaea are planktonic, meaning that they inhabit the water column of 

lakes and the oceans; 
• Most planktonic organisms move up and down with changes in currents, but some can float 

because they contain gas vesicles, structures that confer buoyancy and allow the cells to 
position themselves in regions of the water column that 
best suit their metabolisms; 

• Conical-shaped, gas-filled structures made of protein; 
• Impermeable to water and solutes;  
• Molecular structure:  
- Gas vesicles are composed of two proteins, GvpA and 

GvpC; 
- Function by decreasing cell density, increasing buoyancy; 
- Interestingly, GvpC has been tested as an adjuvant in 

vaccines with some promising success as conjugate for 
Chlamydia or Salmonella antigens. GvpC are non-toxic, 
exceptionally stable and bioengineerable (in archaea = no 
LPS contamination). 

(B) Eukaryotic cells  
• The processes of simple diffusion, facilitated diffusion, 

and active transport are used in both eukaryotic and 
prokaryotic cells. However, eukaryotic cells also have 
the unique ability to perform various types of 
endocytosis, the uptake of matter through plasma 
membrane invagination and vacuole/vesicle formation. 

(1) Extracellular matrix:  
•  Occurs if no cell wall; stabilizes cell structure. 
•  Protect from stress 
•  Involved in cell communication 
•  Adhesion (fibronectin, integrins) 
•  Collagen provides strength 
•  Proteoglycans provide stickiness. 
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(2) Nucleus and cell division:  
• Nucleus: contains the chromosomes 
- DNA is wound around histones = chromatin 
- Enclosed by two membranes that interact with 

nucleoplasm (inner membrane) and cytoplasm (outer 
membrane) 

- Within the nucleus is the nucleolus (site of ribosomal RNA 
synthesis) 

- Site of replication, transcription and transcript maturation.  
• Cell division:  
- Mitosis is normal form of nuclear division in eukaryotic cells. It results in two diploid (two 

copies of each chromosome) daughter cells 
- Meiosis is a specialized form of nuclear division. It results in four haploid (one copy of each 

chromosome) gametes.  

(3) Mitochondria, Hydrogenosomes, and Chloroplasts, specialists of energy metabolism 
• Mitochondria: In aerobic eukaryotic cells, respiration occurs in the mitochondrion. The number 

of mitochondria per cell depends somewhat on the cell 
type and size (few to 1000+ per cell).  

- Respiration and oxidative phosphorylation for aerobic 
eukaryotes.  

- Surrounded by two membranes.  
- Cristae: folded internal membranes. Contain enzymes 

needed for respiration and ATP production.  
- Matrix: innermost area of mitochondrion. Contains 

citric acid enzymes (TCA cycle).  

• Chloroplasts: chlorophyll-containing organelle found 
in phototrophic eukaryotes.  

- Relatively large; number of chloroplasts vary.  
- Like mitochondria, chloroplasts have a permeable outer membrane and a much less-permeable 

inner membrane (double membrane).  
- The innermost membrane surrounds the stroma, analogous to the matrix of the mitochondrion. 
- The stroma contains the enzyme ribulose bisphosphate carboxylase (RubisCO), the key 

enzyme of the Calvin cycle, the series of biosynthetic reactions by which phototrophs convert 
CO2 to organic compounds.  

- Chlorophyll and all other components needed for ATP synthesis in chloroplasts are located in 
a series of flattened membrane discs called thylakoids.  

- Like the cytoplasmic membrane, the thylakoid membrane is highly impermeable and its major 
function is to form a proton motive force that results in ATP synthesis. 

• Hydrogenosomes  
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- Some eukaryotic microorganisms are killed by oxygen and, like many Bacteria and Archaea, 
live an anaerobic lifestyle. Such cells lack mitochondria and some of them contain structures 
called hydrogenosomes 

- Found in anaerobic, strict fermenters (e.g., Trichomonas and some protists);  
- Similar size to mitochondria; but lack TCA cycle enzymes and cristae;  
- Major function is oxidation of pyruvate to H2, CO2, and acetate. 
- Some methane-producing Archaea live in some anaerobic eukaryotes and consume H2 and 

CO2, producing CH4; acetate is secreted. 

• The endomembrane complex 
- ER, golgi, lysosome 
- Some protein translation 
- Post translational modification 
- Protein transport 
- Lysosomes: contain digestive enzymes used for 

hydrolysis of food. Degrade and recycle damaged cell 
component, and separate lytic activity from cytoplasm.  

 
• Cytoskeleton 
Provides (1) structural support, (2) transport network, (3) 
an anchor for organelles, and (4) cell motility.  

• Peroxisome 
- Produce hydrogen peroxide to break down molecules 

such as uric acid, amino acids, and fatty acids. 
- Possess the enzyme catalase, which can degrade 

hydrogen peroxide. 
- Plays role in lipid biosynthesis. 
- Glyoxysomes are modified peroxisomes of yeasts and 

plant cells that perform several metabolic functions, including the production of sugar 
molecules. 

- Glycosomes are modified peroxisomes made by certain trypanosomes, the pathogenic 
protozoans that cause Chagas disease and African sleeping sickness. 

• Flagella and cilia 
- Organelles of motility that allow cells to move by swimming 
- Cilia are short flagella: structurally distinct from prokaryotic flagella and do not rotate; instead 

whip (flagella) or beat in synchrony (cilia).  
- Both have a bundle of nine pairs of microtubules surrounding a central pair of microtubules. 
- Dynein is attached to the microtubules and uses ATP to drive motility. 
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Describe all the cell morphologies and cellular arrangements similarities and differences 
between bacteria, archaea and eukaryotes.  
Cell morphology refers to cell 
shape.  
- Typically does not predict 

physiology, ecology, phylogeny, 
o r o the r p roper t i e s o f a 
prokaryotic or archaeal cell.  

- Morphology of a given microbe 
may be the result of selective 
forces that have shaped its 
evolution. Some examples 
include optimization for nutrient 
uptake (small cells and high surface-to-volume 
ratio), swimming motil i ty in viscous 
environments or near surfaces (helical or spiral-
shaped cells) and gliding motility (filamentous 
bacteria).  

- A cell that is spherical or ovoid is called a 
coccus.  

- A cylindrically shaped cell is called a rod or a 
bacillus.  

- Some cells form curved or loose spiral shapes, 
called spirilla.  

- Cells of some Bacteria and Archaea remain 
together in groups or clusters after cell division, 
and arrangements are often characteristic.   

  
Describe the different modes of locomotion used by archaea, bacteria and single cell 
eukaryotes. 
Several modes of locomotion:  
(1) Flagella, Archaella, and Swimming Motility: 
• Flagellar and flagellation: occurs in Bacteria. 

Long, thin appendages (15–20 nm wide) 
free at one end and anchored into the cell at 
the other end. Can be anchored to a cell in 
different arrangements: peritrichous (a), 
polar (b), lophotrichous (c), amphitrichous. 
A group of flagella (called a tuft) may arise 
at one end of the cell, a type of polar 
flagellation called lophotrichous. When a 
tuft of flagella emerges from both poles of 
the cell, flagellation is called amphitrichous. 



!10

In peritrichous flagellation, flagella are inserted around the cell surface. 
• Archaella: occurs in Archaea. Half the diameter of bacterial flagella (10–13 nm). Move by 

rotation, and composed of several different filament proteins with little homology to bacterial 
flagellin. Speeds vary from 0.1–10x Escherichia coli; structurally similar to type IV pili.  

• Flagella structure:  
- Helical in shape;  
- Consists of several components: filament composed of flagellin. 
- The flagellum motor is a reversible rotating machine composed of several proteins and is 

anchored in the cytoplasmic membrane and cell wall.  
- Increase or decrease rotational speed relative to strength of proton motive force. 

• Movement of flagellated bacteria: 

• Structure of Archaella: 
- Simpler than flagella; 
- Uses ATP rather than the proton motive force as energy source.  

(2) Gliding mobility:  
• Some bacteria are motile but lack flagella. Most of these non-swimming yet still motile cells 

move by gliding.  
• Bacteria only; no Archaea. 
• Unlike flagellar motility, in which cells stop and then start off in a different direction, gliding 

motility is a slower and smoother form of movement and typically occurs along the long axis 
of the cell.  

• Cells glide out and move away from the center of the colony 
• Requires surface contact. 
• Advantageous for finding food sources. 
• Mechanism of gliding motility:  
Different mechanisms:  
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- Excretion of polysaccharide slime from 
pores onto the outer surface of the cell 
(cyanobacteria). The slime contacts both 
the cell surface and the solid surface 
against which the cell moves; 

- Type IV pili/twitching motility (retracts 
and extend pili and twitches at the same 
time); 

- Gliding-specific proteins (adhesion 
complexes or other specialized proteins). 

(3) Chemotaxis:  
• Taxis: directed movement in response to chemical or physical gradients.  
- Chemotaxis: directed movement of an organism toward (positive chemotaxis) or away from 

(negative chemotaxis) a chemical gradient.  
- Phototaxis: response to light. 
- Aerotaxis: response to oxygen. 
- Osmotaxis: response to ionic strength. 
- Hydrotaxis: response to water. 
• Monitor/sample environment with chemoreceptors that sense attractants and repellents; 
• Chemotaxis in peritrichously flagellated bacteria (e.g., E. coli): 
• How do bacteria sense the chemical gradient? 
- Bacteria respond to temporal, rather then spatial, differences in chemical concentration (while 

moving, cells “monitor” their environment by sampling chemicals periodically and comparing 
the concentration of a particular chemical with that sensed a few moments before).  

- It uses complex receptor-cell signalling and gene regulation to achieve direction. 
  
Explain why archaea were deemed sufficiently different from bacterial and eukaryotic cells 
to warrant their own kingdom of life.  
• Carl Woese, a microbiologist studying the genetic sequencing of organisms, developed a new 

sequencing method that involved splitting the RNA into fragments that could be sorted and 
compared to other fragments from other organisms. The more similar the patterns between 
species were, the more closely related the organisms. 

• He sequenced a variety of different species and happened upon a group of methanogens that 
had vastly different patterns than any known prokaryotes or eukaryotes. These methanogens 
were much more similar to each other than they were to other organisms sequenced, leading 
Woese to propose the new domain of Archaea.  

• His experiments showed that the Archaea were more similar to eukaryotes than prokaryotes, 
even though they were more similar to prokaryotes in structure. This led to the conclusion that 
Archaea and Eukarya shared a more recent common ancestor than Eukarya and Bacteria in 
general. Although Archaea are prokaryotic, they are more closely related to Eukarya and thus 
cannot be placed within either the Bacteria or Eukarya domains.  
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Compare and contrast autotrophs and heterotrophs.  
• Autotroph: an organism capable of biosynthesizing all cell material from CO2 as the sole 

carbon source (e.g. photosynthesis by plants, some bacteria)  
• Heterotroph: an organism that uses organic compounds as a carbon source (animals, protists, 

fungi).  
  
Compare and contrast aerobic and anaerobic 
respiration. 
 
Define fermentation and explain why it does not 
require oxygen.  
• Fermentation is a form of anaerobic catabolism in 

which organic compounds both donate electrons and 
accept electrons, and redox balance is achieved 
without need for external electron acceptors. 

• Does not require oxygen because uses an organic 
molecule (commonly pyruvate) as a final electron 
acceptor. Thus, does not involve an electron transport 
system and thus does not require a final oxygen 
acceptor such as oxygen in aerobic respiration.  

• If respiration does not occur, NADH must be 
reoxidized to NAD+ for reuse as an electron carrier 
for glycolysis, the cell’s only mechanism for 
producing any ATP, to continue.  

Compare and contrast fermentation and anaerobic respiration.  
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Module 3: Microbial Growth and Regulation 

Part 1: Microbial Growth 
Differentiate between sessile growth, planktonic growth and biofilms.  

• Whether dividing by binary fission or some form of budding, microbial cells can grow either in 
suspension or attached to surfaces. The suspended lifestyle, called planktonic growth, is the 
way many bacteria live in nature. Many other microorganisms show sessile growth, meaning 
that they grow attached to a surface. 

• These attached cells can develop into a biofilm, which is a community of microorganisms 
(mostly bacteria) that is fixed on a surface and maintained there via the secretion of an 
adhesive and protective matrix of polysaccharides. Biofilms trap nutrients for microbial growth 
and help prevent detachment of cells on dynamic structures, such as in flowing systems.  

Describe the formation, biochemistry and characteristics of biofilms. 
• Biofilm formation has four basic 

stages:  
(1) Attachment: random collision 

of cells with a surface 
accounts for the initial cell 
attachment. Cell attachment 
is facilitated by structures 
such as flagella and pili or by 
proteins on the cell surface.  

(2) Colonization 
(3) Development: attachment of 
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a cell to a surface is a signal for the expression of biofilm-specific genes. The latter include 
genes encoding proteins that produce intercellular signaling molecules and extracellular 
polysaccharides that initiate matrix formation. 

(4) Dispersal: biofilms are not static entities and cells can be released from the biofilm through 
an active process of dispersal. 

• Some form multilayered sheets with different organisms in each individual layer. These 
biofilms are called microbial mats; mats composed of various phototrophic and chemotropic 
bacteria are common in hot springs and in intertidal regions.  

• They are ubiquitous, concern all matter of life (animal, plants, fungi, aquatic or soil 
environments, etc…) or inert material (technologies: medical devices, blockage of petrol 
pipeline by sludge, biofilm on boats reduce glide, etc.).  

• What are biofilms composed of?  
- The composition can be homogenous or heterogenous (i.e. multiple bacterial species). 
- They are complex and dynamic systems with a growth and death balance. 
- Even within a homogenous biofilm, certain cells express different genes and perform different 

functions within the community. For example, some cells can display greater motility whilst 
others sporulate. This is akin to multicellularity in some aspects.  

- The composition can depend on the nature of material on which biofilms are formed (biotic or 
abiotic). 

- The molecular constitution of biofilms is largely constituted of: 
(A) extracellular polymeric substances (EPS), which are polysaccharides in gram-positive and 

mostly cellulose in gram-negative;  
(B) proteins (type IV pili); 
(C) eDNA (extracellular DNA): under the control of quorum sensing, certain bacteria will release 
their DNA extracellularly. Other bacteria can die and de facto release their DNA as they die. 
DNA is negatively charged and if it accumulates around bacteria, may protect them from certain 
antimicrobials which are generally cationic molecules (such as antibiotics). DNA is sticky and 
may help the biofilm structure and coherence, as well as make it difficult for immune cells or 
competitors to penetrate the structure. This could favour the exchange of genetic material within 
the biofilm communities, and could serve as a source of nutrients in oligotrophic conditions. 
✸ The composition of a biofilm can vary within a single bacterial species. For example, 
staphylococci can have a polysaccharide, protein/eDNA, fibrin or amyloid biofilm.  
• They are a common growth form for bacteria because the intensely interwoven nature of the 

structure prevents harmful chemicals (e.g. antibiotics) from penetrating, prevent bacterial 
grazing by protists, and prevent washing away of cells.  

• This dynamic system, its cell differentiation and complex architecture (matrix can be 
filamentous or not) make the bacterial colonies 10-1000 times more resistant to antimicrobials.  

Biofilm formation in P. aeruginosa 
• Signals guide bacteria in transitioning from planktonic growth to life in a semisolid matrix. 

The actual switch from planktonic to biofilm growth in many bacteria is triggered by cellular 
accumulation of the regulatory molecule cyclic diguanosine monophosphate (c-di-GMP).  
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• C-di-GMP is widely distributed only in Bacteria. Its synthesis and degradation depend on 
environmental and cellular cues, and its synthesis triggers physiological events (e.g. c-di-GMP 
binds proteins that reduce activity of flagellar motor, regulates attachment proteins on cell 
surface, and mediates biosynthesis of extracellular matrix polysaccharides). 

• Besides the intracellular activities triggered by c-di-GMP, intercellular communication by 
quorum sensing necessary for development and maintenance of P. aeruginosa biofilms. 

• As acyl homoserine lactones (AHLs) accumulate, they signal to adjacent P. aeruginosa cells 
that population is growing. This also triggers expression of genes necessary for biofilm 
formation, including those that increase extracellular polysaccharide and c-di-GMP synthesis. 

• Elevated c-di-GMP initiates extracellular polysaccharide production and leads to decreased 
flagellar function. 

Biofilm formation in V. cholerae 
• Also uses both inter- and intracellular signaling to control biofilm formation 
• While signaling by c-di-GMP activates expression of genes for biofilm formation, quorum 
sensing acts in an opposite manner compared to P. aeruginosa. Accumulation of quorum 
signaling molecules represses biofilm formation genes, activates flagellar and virulence genes. 
• Thus, biofilm formation is triggered by low cell densities, repressed by high cell densities. It is 
more likely to occur when V. cholerae is found in its natural environment where resources are 
more scarce, thus leading to smaller populations, compared to intestinal cells where nutrients are 
more plentiful. This allows cell to attach to marine surfaces (e.g., plankton, crustaceans, 
sediments) for better access to nutrients and protection. 

Name different categories of microbes with requirements for growth with or without 
oxygen: obligate aerobe, obligate anaerobe, facultative anaerobe, aerotolerant anaerobe, 
microaerophile.  
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Describe the different categories of microbes with 
pH requirements for growth: acidophiles, 
neutrophiles, and alkaliphiles. 

• Most natural environments have a pH between 3 
and 9, and organisms with pH growth optima in 
this range are most common.  

• The intracellular pH must stay relatively close to 
neutral (pH 5–9) even if the external pH is highly 
acidic or basic. 

• Microbial culture media typically contain buffers 
to maintain constant pH. 

• Neutrophiles: organisms that grow optimally at pH 
5.5–7.9.  

• Acidophiles: organisms that grow best at low pH 
(< 5.5). Stability of the cytoplasmic membrane is a 
critical factor. When the pH is raised to neutrality, 
the cytoplasmic membranes of strongly 
acidophilic bacteria are destroyed and the cells lyse. This indicates that these organisms are not 
just acid-tolerant but that high concentrations of protons are actually required for cytoplasmic 
membrane stability. This would make them obligate acidophiles because their membranes are 
destroyed at neutral pH. 

• Alkaliphiles: organisms that grow best at high pH (≥ 8). Found in soda lakes and high-
carbonate soils. Certain alkaliphiles are used commercially (e.g. they excrete hydrolytic 
enzymes such as proteases and lipases that maintain their activities at alkaline pH. These 
enzymes are added to laundry detergents to remove protein and fat stains). Some use sodium 
(Na+) motive force rather than proton motive force to drive transport reactions and rotate its 
flagellum.  

Describe different categories of microbes with 
t e m p e r a t u re re q u i re m e n t s f o r g ro w t h : 
psychrophi le , psychrotrophs, mesophi le , 
thermophile, hyperthermophile. 
• Cardinal temperatures refer to the minimum 

temperature below which bacterial growth is not 
possible, an optimum temperature at which growth 
is most rapid, and a maximum temperature above 
which growth is not possible. The range for any 
given organism is typically < 40 °C. 

• Microorganisms can be classified into groups 
by their growth temperature optima:  

(A) Psychrophiles: low temperature optima; an 
optimal growth temperature of 15 °C or 
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lower, a maximum growth temperature below 20 °C, and a minimum growth temperature of 
0 °C or lower. Found in constantly cold environments.   

- In order to adapt to life in the cold, psychrophiles produce enzymes that function optimally in 
the cold and that may be denatured or otherwise inactivated at even very moderate 
temperatures. Several cold-active enzymes show a greater content of α-helices and smaller 
content of β-sheets in their secondary structures. This allows for greater flexibility for 
catalyzing their reactions at cold temperatures. Cold-active enzymes also have more polar and 
fewer hydrophobic amino acids and fewer weak bonds (e.g. hydrogen and ionic bonds) 
compared to a corresponding enzyme in mesophiles.  

- Another characteristic feature of psychrophiles is that their cytoplasmic membranes remain 
functional at low temperatures because of their higher unsaturated and shorter-chain fatty acid 
content, which helps membrane remain in a semifluid state at low temperatures (allowing 
transport and bioenergetic functions). Some psychotrophilic bacteria even contain 
polyunsaturated fatty acids, which remain flexible at very low temperatures unlike 
monounsaturated or fully saturated fatty acids, which tend to stiffen.  

- Other molecular adaptations include cold shock proteins, which are a type of molecular 
chaperone and have several functions that include maintaining cold-sensitive proteins in active 
conformation, binding specific mRNAs and facilitating their translation under cold conditions. 
There are also cryoprotectants (e.g. antifreeze proteins, certain solutes such as glycerol or 
certain sugars), which are produced in large amounts at cold temperatures and help prevent 
formation of ice crystals which could puncture cytoplasmic membrane. Highly 
psychotrophilic bacteria often produce abundant levels of exopolysaccharide cell surface 
slime, and these slime layers confer cytoprotection.  

(B) Thermophiles: organisms with growth temperature optima between 45°C and 80°C. 
(C) Hyperthermophiles: organisms with optima greater than 80°C. They inhabit hot 

environments, including boiling hot springs and seafloor hydrothermal vents, that can 
experience temperatures in excess of 100°C.  

Above 65°C, only prokaryotic life forms thrive, but an extensive diversity is present.  
In order for thermophiles and hyperthermophiles to survive high temperatures, their enzymes and 
other proteins are stable and actually function optimally at high temperatures. This characteristic 
is due to:  
- Critical amino acid substitutions in a few locations that affect protein structure and function to 

provide heat-tolerant folds in proteins.  
- Increased number of ionic bonds between basic and acidic amino acids and highly 

hydrophobic interiors that help to resist unfolding in the aqueous cytoplasm. 
- Production of solutes (e.g. di-inositol phosphate, diglycerol phosphate) which help to stabilize 

proteins against thermal denaturation.  

Besides enzymes and other macromolecules in cell, the cytoplasmic membranes of thermophiles 
and hyperthermophiles must be heat-stable.  
- In Bacteria, the cytoplasmic membrane has a higher content of long-chain and saturated fatty 

acids and fewer unsaturated fatty acids. Saturated fatty acids form a stronger hydrophobic 
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environment than unsaturated fatty acids, and longer-chain fatty acids have a higher melting 
point than shorter-chain fatty acids. These properties all increase membrane stability.  

- Archaea do not contain fatty acids but instead have C40 hydrocarbons made of repeating 
isoprene units bonded to glycerol phosphate. Also, structure of cytoplasmic membrane of 
many hyperthermophiles forms a lipid monolayer rather than a bilayer. This monolayer 
structure covalently links both halves of the membrane, preventing it from melting at high  
growth temperatures of hyperthermophiles.  

Enzymes from thermophiles and hyperthermophiles are commercially useful. These heat-stable 
enzymes catalyze biochemical reactions at high temperatures and are more stable than enzymes 
from mesophiles. For example, Taq polymerase is used for polymerase chain reaction (PCR), a 
technique for amplifying DNA and a major tool of modern biology. 

Name different categories of microbes with specific growth requirements other than 
oxygen, pH, and temperature, such as altered salinity (halophiles) and light.  
• Osmolarity: water availability is an important factor affecting growth of microorganisms. It is 

expressed in water activity (aw), the ratio of vapour pressure of air in equilibrium with a 
substance or solution to vapour pressure of pure water. Values of aw vary between 0 (no free 
water, driest) and 1 (pure water, wettest).  

• Halophiles: organisms that grow best at aw = 0.98 (seawater); have a specific requirement for 
NaCl.  

• Halotolerant: organisms that can tolerate some additional dissolved solutes but generally grow 
best in the absence of the added solute. 

• Extreme halophiles: organisms that require very high levels (15% to 30%) of NaCl; often 
unable to grow at lower concentrations.  

• Osmophiles: organisms that live in environments high in sugar as solute. 
• Xerophiles: organisms able to grow in very dry environments. Lowest aw = 0.61; 

physiochemical constraints on obtaining water at lower aw. Deserts can have an aw = 0.1 
during the day, but they absorb water at night and it does rain sometimes, which is sufficient to 
support bacterial growth. 

• Compatible solutes: an organism switching from high aw to low aw can maintain its osmolarity 
by pumping in or synthesizing compatible solutes in its cytoplasm. It is called compatible 
because its presence does not inhibit the organism’s biochemistry. 

Explain what is quorum sensing.   

• A regulatory system that monitors the population level and controls gene expression based on 
cell density. It is a regulatory mechanism that assesses population density.  

• Therefore, in low cell population density, single bacteria produce autoinducers which are 
released into their external environment. By contrast, in high cell-population density, there will 
be an accumulation of autoinducers released into the external environment that signals the 
bacteria to express certain genes.  
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• Therefore, quorum sensing allows a population to communicate and act upon a certain trigger 
such as the release of light in V. fischeri. Quorum sensing is also a model used to observe the 
first steps in multicellular communication. 

Explain the roles and advantages in cell-to-cell communication and coordination of cellular 
activities through quorum sensing.  

• Many bacteria use this approach to ensure that sufficient cell numbers are present before 
initiating activities that require a certain cell density to work effectively (e.g. release of toxins 
in unison to cause disease).  

• In some species, regulatory pathways are controlled by the density of cells of their own kind, 
making quorum sensing an effective means to assess population density, and thus, determine if 
a particular pathway is to be initiated or not. 

Explain what is an autoinducer. 
An autoinducer is a signalling molecule such as a hormone or a pheromone, that when trapped at 
abundant levels in regions of high cell-population density, acts as an indicator for cells to express 
a certain phenotype. This is seen in V. fischeri when the autoinducer (AHL) or signal for light is 
found at abundant levels within the squid’s specialized light organ.  

Describe molecular mechanisms of quorum sensing in Gram – and Gram + bacteria (use 
one example for each). 
• In gram-negative bacteria, we can look at the mechanism for quorum sensing using the Lux 

system in V. fischeri:  
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Part 2: Mechanisms of Regulation 

Compare and contrast differences and similarities in the transcriptional control 
mechanisms between bacteria, archaea and eukarya.  

(1) Negative and positive gene regulation in prokaryotes:  

• Negative gene regulation prevents transcription, 
resulting in less mRNA available for 
translation and thus a lesser amount of its 
protein product in cell.  

- Repression: In (a), the operon (cluster of 
consecutive genes whose expression is under 
control of a single regulatory site/operator) is 
transcribed because repressor is unable to 
bind to the operator. In (b), after a corepressor 
(small molecule) binds to repressor, the 
repressor binds to the operator and blocks 
transcription; mRNA and the proteins it 
encodes are not made. For argCBH operon, the amino acid arginine is the corepressor that 
binds to the arginine repressor. 

- Induction: a repressor protein bound to operator blocks the binding of RNA polymerase. An 
inducer molecule binds to repressor and inactivates it so it can no longer bind to operator. 
RNA polymerase then transcribes DNA and makes mRNA for this operon. 

• In positive gene regulation, regulatory protein is activator that activates binding of RNA 
polymerase to DNA. In absence of inducer, neither activator protein nor RNA polymerase can 
bind to the DNA. Inducer molecule binds to activator protein, which in turn binds to activator-
binding site. This recruits RNA polymerase to bind to promoter and begin transcription. 

 
(2) Eukaryotic gene regulation:  
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Compare and contrast differences in the genetic and genomic structures between bacterial, 
archaeal and eukaryotic cells.  

• Operons occur in prokaryotic and archeal cells, but not in eukaryotes where each gene made on 
individual mRNAs, each gene having its own promoter.  

•  Enhancers are eukaryotic proteins (transcription factors) that bind DNA sequence elements 
located as far away as several thousand base pairs from a gene. They they can help activate 
transcription of the relevant gene. 

•  Eukaryotic genes have introns (non-coding sequences), mostly code for a single protein, 
whereas prokaryotic genes lacks introns and they form this operon which codes for number of 
proteins.  

Describe what is a two-component system.  

• A two-component system is a signal transduction system that contains two parts: a specific 
sensor kinase protein usually located in cytoplasmic membrane, and a response regulator 
protein, present in cytoplasm.  
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(1) A kinase is an enzyme that phosphorylates 
compounds, typically using phosphate from 
ATP. Sensor kinases detect a signal from 
environment and autophosphorylate. 
Phosphate then transferred from sensor to 
another protein in cell.  

(2) The response regulator is a DNA-binding 
protein that regulates transcription in positive 
or negative fashion.  

• This system also has a feedback loop in order 
to complete the regulatory circuit and 
terminate the response. It uses a phosphatase, 
an enzyme that removes the phosphate from 
the response regulator at a constant rate.  

In this example, regulation is negative; phosphorylated response regulator functions as a 
repressor that binds DNA, thus blocking transcription. Once dephosphorylated, response 
regulator is released and transcription is permitted.  

Explain how a two-component system functions (mechanism) using an example.  

• In E. coli, osmolarity of environment controls the 
relative levels of proteins OmpC and OmpF in 
outer membrane. These proteins are porins, 
proteins that allow metabolites to cross outer 
membrane of gram-negative bacteria. If osmotic 
pressure is low, synthesis of OmpF (porin with 
larger pore) increases; if osmotic pressure is high, 
OmpC (porin with smaller pore) made in larger 
amounts.  

• EnvZ, a sensor kinase in cytoplasmic membrane, 
detects changes in osmotic pressure. EnvZ 
autophosphorylates and transfers its phosphate 
group to OmpR, the response regulator of this 
system. 

• In low osmotic pressure, phosphorylated OmpR 
activates transcription of OmpF gene. In high 
osmotic pressure, OmpR represses transcription of 
OmpF gene and activates transcription of ompC instead.  

Describe in details and discuss at length all the mechanisms of stress responses in bacteria 
we have seen throughout the course.  

(1) Regulation of chemotaxis: modified two-component system used in chemotaxis to: 
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• Sense temporal changes in attractants or repellents: 
- Sensory proteins in cytoplasmic membrane sense attractants and 

repellents, and interact with cytoplasmic sensor kinases. 
- Methyl-accepting chemotaxis proteins (MCPs) bind attractant or 

repellent and initiate flagellar rotation, and interact with CheA 
(sensor kinase) and CheW (an adaptor protein).  

• Controlling flagellar rotation: controlled by CheY protein. CheY 
results in counterclockwise rotation and runs. CheY-P results in 
clockwise rotation and tumbling. 

• Adaptation: Stop responding and reset (feedback loop). Allows the 
system to reset itself to continue to sense the presence of a signal.  

- Relies on response regulator CheB;  
- Involves modification of MCPs: methylation stops response to 

attractants and increases response to repellants. The opposite is 
true; unmethylated MCPs are highly sensitive to attractants and 
insensitive to repellents.  

 
• During sensory adaptation, changes in 

receptor methylation level shift signaling 
complexes toward the opposing state to 
restore a balance between CCW and CW 
signal outputs. 

- If the concentration of attractant is high, 
CheA is not activated and the kinase is off. 

- Gradually, CheR will methylate MCPs, 
switching the kinase system into an ON 
state even though the at t ractants 
concentration stays high.  

- Eventually CheA will autophosphorylate 
and activate CheY. CheY-P will cause the 
cell to tumble. 

(2) Stringent response:  
• Used to survive nutrient deprivation, environmental 

stress, and antibiotics; 
• Shuts down macromolecule synthesis and activates stress 

survival pathways. 
• Environment/habitat determines response. Example: 

voiding E. coli in feces reduces nutrients, initiates ppGpp 
synthesis, stringent response occurs.  

(3) Phosphate (Pho) region: 
• P essential for DNA, RNA, membrane synthesis, energy 
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generation, and cell signaling; 
•  Inorganic phosphate (PO4 3– or Pi) often limiting in environment;  
•  Two-component regulatory system regulating extracellular 

enzymes, Pi transporters, and storage enzymes;  
• Represses many genes and controls some aspects of pathogenesis. 

(4) Heat shock response  
• Heat shock proteins: counteract damage of denatured proteins and 

help cell recover from temperature stress; 
• Very ancient proteins 
• Induced by heat, exposure to ethanol or ultraviolet (UV) radiation; 
• Three major classes: Hsp70 (DnaK in E. coli), Hsp60 (GroEL in E. 
coli), and Hsp10 (GroES in E. coli); 
• Largely controlled by alternative sigma factor RpoH. 

(5) The general stress response: the RpoS regulon 

• Allows cells to withstand harsh conditions (e.g., extreme pH, 
oxidative stress);  

• Controlled by alternative sigma factor RpoS (stationary phase 
sigma factor) 
• RpoS regulon includes 400+ genes: nutrient limitation, resistance 

to DNA damage, biofilm formation, responses to osmotic, 
oxidative, and acid stress. 

 

Explain the concepts of persistence and dormancy in antibiotic 
resistant bacteria. 

• Persistence: population of antibiotic-sensitive bacteria produces 
rare cells that are transiently tolerant to multiple antibiotics. 

• Persisters are genetically identical but dormant (viable but do not 
grow). Dormancy prevents antibiotic from killing cell. When 
treatment is stopped, cells emerge from dormancy and grow. 
Believed to be cause of recurring Mycobacterium tuberculosis and 
Pseudomonas aeruginosa infections.  

Describe the mechanism of persistence using the Toxin-
Antitoxin module system.  
• Toxin-Antitoxin (TA) modules: 
-  Genetic loci that encode a toxin whose production inhibits cell growth and an antitoxin. 
- Found in almost all Bacteria and many Archaea;  
- Play a role in normal physiology and pathogenicity; 
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- Toxic activity thought to promote cellular adaption by 
slowing cell growth to ensure survival during stress. 

- hipAB genes encode TA module that triggers persistence in 
E. coli. 

HipA: toxin that inhibits translation 
HipB: antitoxin 
• Normally HipA and HipB form a stable complex. 
• If Lon is activated, HipB is degraded, translation is 
inhibited, and growth arrested. 
• HipA targets glutamyl-tRNA synthetase (GltX), leading to 
ribosome stalling and activation of RelA. 
• Stalling inhibits translation and production of the alarmone 
(p)ppGpp (guanosine tetraphosphate and guanosine 
pentaphosphate) by RelA and induction of stringent response 
pathway. 
Cells that have triggered stringent response become dormant.  

Part 4: Viruses and their replication  

Describe the characteristics used to identify viruses as 
obligate intracellular parasites.  

✸ Not considered living entities, viruses rely on host cell for energy, metabolic intermediates, 
and protein synthesis, and so they are obligate intracellular parasites.  

Describe the structures and composition of viruses.  

• Most viruses are smaller than prokaryotic cells; range from 0.02 to 0.3 µm. 

• Viral components and activities:  
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- Capsid: the protein shell that surrounds the genome of a 
virus particle.  

- Naked viruses (e.g., most bacterial viruses) have no 
other layers.  

- Enveloped viruses (e.g., many animal viruses) have an 
outer layer consisting of a phospholipid bilayer (from 
host cell membrane) and viral proteins. 

- Nucleocapsid: nucleic acid + protein in enveloped 
viruses. 

• Structure of the virion:  

(1) Helical  

(2) Icosahedral  

(3) Complex 

(a) Naked  

(b) Enveloped  

• Virion structure: naked viruses 

- Helical symmetry: length of virus determined by 
length of nucleic acid. Width of virus determined by 
size and packaging of capsomeres (subunit of 
capsid).  

- Icosahedral symmetry: most efficient arrangement of subunits in a closed shell. Requires 
fewest capsomeres.  

• Virion structure: enveloped viruses  
- Have lipoprotein membrane surrounding nucleocapsid;  
- RNA or DNA genomes; 
- Envelope proteins attach to and infect animal host cell; 
- Relatively few enveloped plant or bacterial viruses because of cell walls surrounding cell 

membrane; 
- Entire virion enters animal cell during infection.  
- Enveloped viruses exit more easily. 

• Enzymes inside virions:  

- Lysozyme: makes hole in cell wall to allow nucleic acid entry. Also lyses bacterial cell to 
release new virions.  

- Neuraminidases: destroy glycoproteins and glycolipids. Allows liberation of viruses from cell.  



!27

- Nucleic acid polymerases: RNA replicases are RNA-dependent RNA polymerases, and RNA 
reverse transcriptase are RNA-dependent DNA polymerase in retroviruses. 

 Differentiate among bacteriophages, plant viruses, and animal viruses.    

• Bacteriophage: a type of virus 
that infects bacteria.  

• Major difference between 
prokaryotic and eukaryotic 
viruses is nucleic acid entry in 
prokaryotes and virion entry 
in eukaryotes. 

Describe the general characteristics of viral life cycles and its different phases.  

• Virus replication is typically characterized by 
a one-step growth curve: increase occurs when 
cells burst. 

• Eclipse: genome replicated and proteins 
translated 

• Maturation: packaging of nucleic acids in 
capsids 

• Latent period: eclipse + maturation; 
• Release: cell lysis, budding, or excretion 
• Burst size: number of virions released. 

Describe the lytic and lysogenic life cycles of 
bacteriophages.  

• The lytic cycle of a bacteriophage 
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• The lysogenic cycle of a bacteriophage  

 

  

Describe how phages, using T4 as an example, deliver 
DNA into its host.  

• Virions attach to cells via tail fibers that interact with 
polysaccharides on E. coli LPS layer. 

• Tail fibers retract, and tail pins contact cell wall. 

• T4 lysozyme forms small pore in peptidoglycan. 

• Tail sheath contracts, and viral DNA passes into 
cytoplasm. 

• Capsid stays outside. 

Describe the replication process of animal viruses (what is 
particular to animal infections). 

Describe the mechanism of entry utilized by naked and 
enveloped viruses. 

• Major tenets (capsid and DNA/RNA genome, infection and 
takeover of host, assembly and release) are universal,  
regardless of the nature of the host. 

• Most human viral diseases are caused by RNA viruses. 
• Bind specific host cell receptors, typically used for cell-cell 
contact or immune function. 
• Different tissues and organs express different cell surface 
proteins: often viruses only infect certain tissues. 
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• Two key differences: 
- Entire virion enters the animal cell. 
- Eukaryotic cells contain a nucleus, the site of replication for many animal viruses.  

• Lytic cycle in animal cells: 

• Lysogenic cycle in animal cells 

HIV infection: 
• The adhesion of the virus gp120 envelop protein 
to the cell surface marker CD4 (only present on T 
helper cells) and its coreceptor is mandatory for 
infection. 
• The viral envelop fuses with the lipid bilayer of 
the host cell, the viral capsid is delivered in the 
cytoplasm. 
• The capsid is digested by proteases and the ssRNA 
genome delivered into to the nucleus with the 
reverse transcriptase enzyme necessary to convert 
ssRNA in cDNA which can then be converted to 
dsDNA by the host cell. 
• An integrase, also delivered with the virus, helps 
the 
transduction of the virus into the host genome. 
• New viral mRNA and proteins are produced by the 
host cells, virions assemble within the cytoplasm 
and envelop proteins are integrated into the host 
plasma membrane. 
• Encapsulated new viral particles exocytose, the 
vesicle with which they exocytose forms the new 
envelop, the virions are mature and can infect new 
cells. 
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Explain what is the difference between a 
virulent and temperate virus.   

• Virulent: Viruses always lyse and kill host after 
infection. 

• Temperate: Viruses replicate their genomes in 
tandem with host genome and without killing host, 
establishing long-term, stable relationship. 
- Can be lytic/virulent; 
- Can enter lysogeny: most viral genes are not 

transcribed, viral genome is replicated with host 
chromosome and passed to daughter cells; 

- Lysogen: host cell that harbours temperate virus. 
Can result in lysogenic conversion with new 
properties (e.g., virulence in pathogens).  

Describe unique characteristics of retroviruses 
and latent viruses.   

• Retroviruses are structurally complex animal viruses that contain an RNA genome. However, 
unlike other RNA viruses, the genome is replicated inside the host cell by way of a DNA 
intermediate.  

•  The term retrovirus refers to the fact that these viruses transfer information from RNA to DNA 
(in contrast to genetic information flow in cells, which occurs from DNA to RNA).  

•  Retroviruses use the enzyme reverse transcriptase to carry out this unusual process: this 
retroviral enzyme can produce DNA from an RNA template.  

• Enveloped viruses and carry several enzymes within the virion. These include reverse 
transcriptase, integrase, and a retroviral-specific protease. The genome of the retrovirus is 
unique and consists of two identical single-stranded RNAs.  

Discuss human viruses and their virus-host cell interactions.  

Discriminate between persistent infections, latent or chronic infections.  

• Persistent infections: when the virus is never completely cleared, can occur when the virus: 
- Does not kill the host; 
- Immunosuppresses the host; 
-  Regulated viral or host gene expression. 
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• Latent infection: when lysogenic viruses become 
dormant within a host (e.g. chickenpox, after an acute 
infection, the viral genome integrated into the host 
can stay dormant for years to “wake up” 50 years 
later and cause another form of disease; shingles). 

• Chronic infection: similar to latent infection but with 
multiple episodes of infections or constant low levels 
of infection. As for latent infections, the virus is 
never quite cleared. e.g. HIV is considered a chronic 
infection. Infected patients generally have low level 
infection with immune interference and antigenic 
blood presence, but no symptoms. The virus can 
mutate rapidly, thwarting the immune system, which 
helps with persistence. 

Name the possible outcome of viral infections in animal cells.   

• Virulent infection: lysis of host cell, most common. 
• Latent infection: Viral DNA exists in host genome and virions are not produced; host cell is 
unharmed unless/until virulence is triggered. 
• Persistent infections: Release of virions from host cell by budding does not result in cell lysis. 
Infected cell remains alive and continues to produce virus 
• Transformation: conversion of normal cell into tumour cell.  

Explain the process of transduction.  

• Transfer of genetic material from one bacteria (or Archaea and Eukarya) to another. 
• Generalized transduction: occurs when a random piece of bacterial chromosomal DNA is 
transferred by the phage during the lytic cycle. (random process) 
• Specialized transduction: occurs at the end of the lysogenic cycle, when the prophage is 
excised and the bacteriophage enters the lytic cycle (process not so random, since viral DNA 
integration is not random).  

Describe viral genomes’ constitution and classification.  
• Size of viral genome: 
- Varies 1000-fold from smallest to largest.  
- smallest circovirus: 1.75-kilobase single strand 
- largest Pandoravirus: 2.5-megabase pairs. Infects some marine amoebae, larger than some 

bacteria.  
- RNA genomes typically smaller than DNA viruses.  

• Viral genomes:  
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- The Baltimore classification, developed by 
David Baltimore, is a virus classification 
system that groups viruses into families 

according to their genomes (7 groups in 
roman numerals). Classified based on:  

-Either DNA or RNA genomes 
- Single-stranded or double- stranded; single-stranded may be plus sense (same as mRNA) or 

minus sense (complementary to mRNA);  
- Either linear or circular;  
- One or multiple pieces;  
- Usually smaller than those of cells.  

 

(1) DNA genomes: 
 

(2) RNA genomes: 

https://en.wikipedia.org/wiki/David_Baltimore
https://en.wikipedia.org/wiki/Virus_classification
https://en.wikipedia.org/wiki/Scientific_classification
https://en.wikipedia.org/wiki/Virus
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Describe the viral defence mechanism of 
bacteria and how bacteriophages can 
circumvent them.  

Prokaryotes possess mechanisms to diminish viral infections: 

(1) Modification of cell-host recognition  

(2)  Toxin-antitoxin system  

Antiviral defence using the TA systems: if the 
infecting virus inhibits the host cell’s 
transcription and/or translation, which is often 
the case, the unstable antitoxin disappears and 
the toxin exerts its toxic effect to limit viral 
replication (the toxin acts as an antiviral). 

Prokaryotic viruses can bypass this defence 
system by expressing a product similar to the 
antitoxin and thereby inhibit host translation 
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shutoff. 
 

(3) Antiviral CRISPR-Cas  

CRISPR: Clustered Regularly Interspaced Short 
Palindromic Repeats that protect from bacteriophage 
infection.  
• Regions contain short repeats of constant DNA 

sequences alternating with short variable spacers 
corresponding to “memory” of viral or other foreign 
DNA. 

• Some viruses have evolved to avoid CRISPR: 
- Mutation of PAM regions 
- Production of Cas inhibitors 
- Phage-encoded CRISPR in a phage that infects Vibrio 

cholerae.  
★ When immunized cell encounters same virus, Cas proteins destroy incoming DNA. 
 
(4)  Restriction modification systems  

Going from a to g: 
a. Normal infection 
b. Bacteria digest viral DNA/RNA using restriction 
enzymes 
c. Virus counteract with undigestible modified 
nucleic acid 
d. Bacteria finds a way to digest modified nucleic 
acids 
e. Virus finds another way to protect its nucleic acids 
f. Bacteria finds another way to get around it 
g. Etc… 
 
(5) E. coli Rex system  

• Two-component system (RexA sensor 
kinase, RexB is regulator).  

• RexA recognizes phage DNA protein 
complex and activates RexB 
• RexB is an ion channel, it opens upon 
activation. 
• Cations escape the cell, disrupting the 
membrane potential and killing the cell. 
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Describe viroids and their unique characteristics. 
• Viroids: infectious RNA molecules that lack a 

protein component: 
- Small, circular, ssRNA molecules;  
- Smallest known pathogens (246–399 bp);  
- Cause a number of important plant diseases; 
- Do not infect animals or microorganisms.  
• Structure and function:  
- Forms hairpin-shaped double stranded molecule 

with closed ends, providing stability outside host 
cell;  

- Enters plant through wound (e.g., insect, 
mechanical damage);  

- Move between cells through plasmodesmata 
(thin cytoplasmic strands);  

- Comple te ly dependen t on p lan t RNA 
polymerases for replication;  

- Catalytic self-cleaving activity releases individual viroids after replication. 
 
Describe prions and their unique characteristics.  
• Prions are misfolded proteins that aggregate, 

accumulate and eventually cause cell death.  
• Normal proteins (PrPC) can spontaneously misfold 

or mutated and become infectious (PrPSC). 
• The misfolded or mutated protein complexes cause 

other normal proteins to misfold and aggregate, 
leading to cell death and tissue damage. 

• Transmission of the infectious prions is mainly 
through eating contaminated tissue or feed, blood 
transfusion or via genetic transmission of mutant 
allele. 

Module 4: Genetics and Genomics 

Explain how asexual gene transfer can 
result in prokaryotic genetic diversity.  
• Horizontal gene transfer between closely or 

sometimes more distantly related species 
(only small pieces of DNA at a time). 

• Also mutations, viral infections introducing 



!36

or pilfering genetic material and mobile elements such as transposons.  
- Transformation: naked DNA is taken up from the environment. 
- Transduction: genes are transferred between cells in a virus.  
- Conjugation: use of a hollow tube called a 

conjugation pilus to transfer genes between 
cells. 

 Discuss the benefits and trade-off of sexual 
vs asexual reproduction.  

Explain in detail each of these processes (mechanism): transformation, transduction, 
conjugation and transposition.  
(1) Transformation 
• Many bacteria are naturally “competent” and can bind DNA in the environment, transport 

across the plasma membrane and make it single stranded. 
• Double stranded DNA would normally be digested by endo or exonucleases in the cytoplasm, 

but these nucleases are mostly ineffective against ssDNA (single-stranded DNA). 
• This ssDNA can recombine with the genome. The DNA that was added to the wildtype 

genome is called “recombinant DNA”. 
• Whatever was coded on this recombinant DNA that is now incorporated into the bacterial 

genome becomes an integral part of the bacterial genome and can change the phenotype (new 
toxin, enzyme, structural protein…) 

• However, there is relatively little environmental DNA, it is rarely a whole coding piece and 
recombination requires that the “recombinant DNA” be at least in part similar to the genomic 
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DNA for a length of nucleotides for recombination to occur. Also, although less efficient, 
nucleases still digest the DNA fragments. 

• So transformation is not very efficient as introducing diversity. Regardless, it is still an 
important mechanisms for the acquisition of tolerance to Abx or virulence.  

(2) Conjugation  
• DNA is transferred from one cell to another by a needle-like structure, the conjugation pilus, 

linking the 2 cells together. 
• The conjugation pilus is called the F pilus.  
• In E. coli, the capacity to form a conjugation or F pilus is encoded on a plasmid.                                           
F+ cells have the plasmid and can make a pilus- they are DONOR cells. F- cells do not have the 
plasmid – the are RECIPIENT cells. 

• Conjugation of the F plasmid 

 

• Consequences and applications of conjugation:  
- Plasmids are integral part of the bacterial genome; 
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- T h e y c o d e f o r m a n y 
functional gene groups or 
operons, such as resistance 
to an Abx or virulence 
factors such as toxins. 

- Plasmids containing Abx 
resistance genes are called 
R plasmids 

- S i n g l e R p l a s m i d s 
commonly contain multiple 
genes conferring resistance 
to multiple antibiotics. 

- P l a s m i d s c a n b e 
manipulated by genetic 
engineering for research, industrial, environmental or clinical purposes. They can be 
transferred into bacteria, archaea, single cell eukaryotes, insects, animals and plants in order to 
genetically manipulate these organisms to our advantages. 

 
(3) Transduction  
• Generalized transduction: any piece of DNA can be transferred from one infected cell to 

another if it is erroneously incorporated into the capsid when the virions are assembling. 
• Specialized transduction: a specific piece of DNA is lifted from the infected cells from either 

side of where the lysogenic phage had integrated into the host cells. These sequences are then 
encapsulated and transported to other cells and will integrate in the newly infected cells at the 
viral integration site. 

• Transformed cells may acquire new phenotypic abilities, such as virulence, if enough DNA 
material coding for virulence factors was exchanged. 

•  Transduction is a major contributor to genetic hypermobility and both phage and bacterial 
evolution. 

• These principles are used when developing gene therapies or using viral transduction in 
research in order to generate cells that overexpress a protein or for RNA inhibition, when you 
want to diminish the expression of a protein. 

( 4 ) 
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Transposition  
• Transposons are genetically mobile elements; 
• They exist in both prokaryotic and eukaryotic cells, however, in our human genomes, they are 

mostly degenerated and not functional. They form repeat elements and structural elements of 
our genome. 

• In bacteria, transposons contribute to genetic diversity through shuffling sequences around the 
genome; possibly disrupting functional genetic units or creating novel sequences that may 
eventually prove beneficial. 

Explain how microorganisms have developed such a huge diversity of organisms using genetics 
and genomics as a premise for your explanation.  

Explain what is vertical transmission and horizontal (or lateral) transmission of genetic 
material.  

• Vertical transmission is the transfer of genetic traits from one generation to the next (from mother 
to daughter).  

• Horizontal (or lateral) transmission refers to gene transfer from one cell to another between 
closely or sometimes more distantly related species.  

Describe the notions of pan genome and core genome.  

• Core genome: shared by all strains of the same species. 
• Pan genome: core genome plus genes that are not shared by all the strain in a same species 
E.g. One E. coli strain may have 5,000 coding sequences but the pan genome for Escherichia 
contains about 25,000 coding sequences. 

Explain what are chromosomal islands and describe why we think they are of foreign origin.  
• Chromosomal islands (or genomic islands) are clusters of genes for specialized functions that 

are not essential for survival. 
• This means certain strains of the species will possess such an island whilst other will not not, 

creating more genetic diversity within a single species. 
• Chromosomal islands are considered to be of foreign origin for 3 main reasons: 
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(1) The extra genes are often “flanked” by inverted repeats (indicating they might have been 
inserted there by transposition). 
(2) The base composition and codon bias of the island may differ substantially to that of the rest 
of the genome.  
(3) Chromosomal island are found only in certain strains of the species but not, again suggesting 
their presence was not via evolution of vertically transmitted DNA, but by an insertion event 
potentially through lateral transfer (HGT). 
• Comparison of the genomes of pathogenic bacteria with those of their harmless or less 

virulent relatives often reveals chromosomal islands that encode virulence factors: special 
proteins, toxins, enzymes, or other molecules or structures that facilitate disease symptoms. 
Some virulence genes are carried on lysogenic bacteriophages or plasmids; however, many 
others are clustered in chromosomal regions called pathogenicity islands. 

Explain the difference between genomics and metagenomics.  

• Metagenomics: the genomic analysis of pooled DNA or RNA from an environmental sample 
containing organisms that have not been isolated; same as environmental genomics.  

• Genomics: the discipline that maps, sequences, analyzes, and compares genomes.  

Explain how genomics and metagenomics can help us identify chromosomal islands or 
biosynthetic gene networks (BGCs) and even new microorganisms, and what are the 
advantages in looking for this information.  

• Identification of new biochemical pathway (E.g. production of antibiotics or other useful 
chemical); 

• Identification of new chromosomal islands: pathogenicity islands, also biodegradation, 
nitrogen fixation, magnetosome, … 

• Identification of new genes and new organisms: better understanding of diversity, function, 
morphology, etc…  and phylogenic analysis 

Module 5: Microbe-Human Interactions and the Immune system 

Immune System Assignment 

Compare and contrast the innate and adaptive immune response.  
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Name physical barriers (at least 3) that help keep the bacteria out.  
Skin, mucous membranes, microbiota in the gut.  

Describe the functions of key cells in the immune system (Macrophage, NK cell, B cell, T 
cell, Mast cell, Dendritic cell, Neutrophil, Eosinophils).  

Cell type
Role During an Infection 

(identify the effector mechanism 
employed by the cells to stop 

infection) 

Arm of the Response 
(innate or adaptive) 

Macrophage

Engulfs and d iges ts fore ign 
substances, microbes, and anything 
else that does not have the type of 
proteins specific to healthy body 
cells on its surface, in process of 
phagocytosis. Also plays a role in 
adaptive immunity by presenting 
antigen of a pathogen to the 
corresponding helper T cell. 

Innate immunity 



!42

NK cell 

Type of lymphocyte that provides 
rapid responses to virally infected 
cells. Unlike other lymphocytes 
such as T cells, an NK cell can 
recognize stressed cells without 
antibodies or the presence of 
specific proteins on the cell surface 
of infected cells.  NK cells can 
create pores in the cell membrane of 
a target cell and cause apoptosis or 
osmotic cell lysis. 

Innate immunity 

B cell

Functions in the humoral immunity 
component of the adaptive immune 
system by producing antigen-
specific immunoglobulins (i.e. 
antibodies). These antibodies 
neutralize pathogens by recognizing 
the specific antigen on them and 
binding them, resulting in the 
destruction of the pathogen by other 
parts of the immune system (e.g. 
macrophages) or by neutralizing its 
target directly. Also, present 
antigens to trigger specific helper T 
cells. 

Adaptive immunity 

T cell 

Broadly speaking, can be divided 
into two different types: killer T-
cells and helper T-cells. Killer T-
cells destroy virus-infected cells and 
tumor cells by recognizing a specific 
antigen. Helper T-cells assist in 
many WBCs processes, including 
maturation of B cells and activation 
of killer T-cells and macrophages.

Adaptive immunity 

Mast cell 

Play a key role in the inflammatory 
process by releasing compounds that 
induce inflammation. Expresses 
immunoglobulin E (IgE) which 
defends against several parasitic 
pathogens. Also recruits neutrophils 
and macrophages by release of 
histamine. 

Innate immunity 

Dendritic cell 

Antigen-presenting cells: process 
antigen material and present it on 
the cell surface to the T cells of the 
immune system. They act as 
messengers between the innate and 
adaptive immune systems. 

Innate immunity 

Neutrophil 

Most abundant type of phagocyte, 
usually the first cells to arrive at the 
site of infection. Also, release 
g ranu le s w i th an t imic rob ia l 
p r o p e r t i e s ( p r o c e s s o f 
degranulation). 

Innate immunity 
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Describe the functions of key cytokines in the immune system (IFN-a/b, IFN-g, TNF-a, 
IL-12, IL-6 and IL-10).  

• IFN-α is produced by macrophages and B cells. Involved in innate immune response against 
viral infection. 

• IFN-β is produced by fibroblasts. They have antiviral activity, involved in immune response. 

• IFN-γ is secreted by T helper cells, cytotoxic T cells, macrophages, mucosal epithelial cells, 
and NK cells. It is important for innate and adaptive immunity against viral, bacterial and 
protozoal infections. Able to directly inhibit viral replication. 

• TNF-α Produced primarily by macrophages can be produced by CD4+,  lymphocytes, NK 
cells, neutrophils, mast cells, eosinophils, and neuron cell types. TNF-α regulates immune 
cells primarily, and can induce fever, apoptotic cell death, cachexia, and inflammation. It can 
also inhibit the formation of tumors and viral replication. 

• IL-12 is produced by dendritic cells, macrophages, neutrophils, and human B-lymphoblastoid 
cells. It stimulates the growth and function of T cells and stimulates the production of IFN-γ, 
and TNF-α. 

• IL-6 is produced by osteoblasts, and in some smooth muscle cells in blood vessels. It can also 
be secreted by macrophages in response to microbial molecules which induced intracellular 
signaling to stimulate inflammatory cytokine production. 

• IL-10 is primarily produced by monocytes and to a lesser extent, lymphocytes. It affects 
immunoregulation and inflammation by reducing the quantity of some cytokines and 
antigens. 

Explain what are antigens and what is antigen presentation and what is antigenic variation. 

• An antigen is a molecule capable of interacting with specific components of the immune 
system and that often functions as an immunogen to elicit an adaptive immune response.  

• Antigen presentation occurs in antigen-presenting cells such as dendritic cells and B cells. 
The antigen-presenting cell digests protein from either the inside or the outside of a pathogen 
and then displays the antigenic peptide fragment on its cell surface. Once the antigenic 
peptide fragment is located on the antigen-presenting cell’s surface, it can act as a recognition 
factor for T cells. Now, T cells are able to recognize that cells containing this antigenic 
peptide are pathogens and will, therefore, signal the immune response. Antigen presentation 
is critical during an immune response since it enables for T cells to continuously monitor and 
recognize any signs of infection or abnormal cell growth.  

Eosinophils Upon activation, secrete a range of 
highly toxic proteins and free 
radicals that are highly effective in 
killing parasites. 

Innate immunity 
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• Antigenic variation refers to the mechanism by which an infectious agent such as a 
protozoan, bacterium or virus alters its surface proteins in order to avoid a host immune 
response. 

Explain how pathogens can avert immune cell function (antigenic variation, cytokine 
inhibition, cell signaling inhibition, cell death inhibition).  
• Antigenic variation: when organism is exposed to particular antigen (i.e. a protein on the 

surface of a bacterium) an immune response is stimulated and antibodies are generated to 
target that specific antigen. The immune system will then "remember" that particular antigen, 
and defenses aimed at that antigen become part of the immune system’s acquired immune 
response. If the same pathogen tries to re-infect the same host the antibodies will act rapidly 
to target the pathogen for destruction. However, if the pathogen can alter its surface antigens, 
it can evade the host's acquired immune system. This will allow the pathogen to re-infect  
host while immune system generates new antibodies to target the newly identified antigen. 

Part 1: Microbial symbiosis with humans  

Distinguish between microbiota and microbiome. 

• A microbiome is a functional collection of different microbes in a particular environmental 
system (e.g., the human microbiome). 

• Scientists use the term microbiota to describe all the microbes in a microhabitat (e.g., skin 
microbiota). 

Discuss, in a general way, what we know of the diversity and dynamics of microbial 
populations in humans so far.  

• There are approximately 10^13 microbes in the human microbiome living in complex 
communities. 

• These are very early studies, and they reveal that there are complex interactions between 
host and its microbiota. 

- No one species is the most abundant across all individuals (diversity between individuals 
is high). 

- Particular microbial groups typically dominate certain niches.  
- Similarities between individuals are are more evident at higher taxonomic levels (phyla). 

• Specialized microbial ecological niches have evolved with the immune system. 
• This close collaboration has inevitably influenced the development of the immune system. 
• In addition, tissues such as mucous membranes are most exposed to antigens of all kinds, 

the good as the bad, imposing a certain paradox on the immune system: how to 
differentiate the two. 

• Lung, skin and gut mucosa (Peyer’s patch), appendices. 

https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Acquired_immune_response
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• Also form follicular structures where T and/or B cells are concentrated. 
- Skin ~2m^2 
- Lungs ~140m^2 
- GI tract ~400m^2 

Discuss, in a general way, what is missing in our knowledge on the human microbiota and 
what are the research challenges faced by the scientific community (includes the 
advantages and disadvantages of using mice models).  
• Human Microbiome Study Groups have formed most of our understanding of the functions 

of the human microbiome. 
• The Human Microbiome Project (HMP) surveyed hundreds of medical students over 

several years to determine a baseline for healthy human microbiomes. Lacked diversity 
and metadata (dietary habits, amount of proteins , lipids, sugars ingested, lifestyle, genetic 
background, etc…) 

•  Later projects revealed more diversity in non-US born subjects and lacked data on diet or 
other lifestyle attributes. 

Mouse Models: 
• While there are significant differences between mice 

and humans, mice have been used to good effect to 
study human gut microbiome interactions. 

- Mice have a larger cecum than humans. 
- Most fermentation is completed in the mouse cecum, 

rather than the human large intestine. 

However, mice have a short life cycle and well-defined 
genetic lines; they can be raised in a germ-free environment 
and we can manipulate their microbiota. 
• antibiotic therapy 
• strict dietary control 
• fecal transplants 
• germ-free environment.  

Describe the different microbial microhabitat in the gastro-intestinal tract, the 
characteristic of the microbiota present and what mechanisms the GI tract has in order to 
clear or contain the microorganisms present.  

• Humans are monogastric and omnivorous. 
• Microbes in gut affect early development, health, and predisposition to disease. 
• Colonization of gut begins at birth. 
• Consists of stomach, small intestine, and large intestine 
• Responsible for digestion of food, absorption of nutrients, and production of nutrients by 

the indigenous microbial flora. 
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• Contains 10^13 to 10^14 
microbial cells.  

• T h e s t o m a c h a n d s m a l l 
intestine:  

- Microbial populations in 
different areas of the GI tract 
are influenced by diet and the 
physical conditions in the area. 

- The acidity of the stomach and 
the duodenum of the small 
intestine (~pH 2) prevent many 
organisms from colonizing the 
GI tract; however, there is a 
rich microbiome in the healthy 
stomach. 

- Firmicutes, Bacteroidetes, and Actinobacteria are common in the gastric fluid, while 
Firmicutes and Proteobacteria are common in the mucus layer of the stomach.  

- Helicobacter pylori was discovered in the 1980s and has since been found in ~50% of the 
world’s population! When present, it is found in the gastric mucosa. 

- Intestinal microorganisms carry out a variety of essential metabolic reactions that produce 
various compounds.  

• The large intestine:  
- The colon is essentially an in vivo fermentation vessel (anoxic so no respiration using O2 

as final acceptor), with the microbiota using nutrients derived from the digestion of food. 
- Most organisms are restricted to the lumen of the large intestine, while others are in the 

mucosal layers. 

• The vast majority (~98 percent) of all human gut phylotypes fall into one of three major 
bacterial phyla: (1) Firmicutes, (2) Bacteroidetes, and (3) Proteobacteria. 

• Individuals may have mostly Firmicutes, mostly Bacteriodetes, or a mix of the two. This 
may regulate metabolism and the host’s propensity for obesity. 

• In contrast to the limited phylum-level diversity, the species diversity in the mammalian 
gut is enormous (3,500 to 35,000 species but no more then ~200 in one individual). 

• Archaea, yeasts, fungi and protists are either absent or form a very little part of the gut 
community in humans. 

Describe what are the roles and effects of the commensal flora in the GI tract and how it 
may change through time or under various selective pressures (bottle fed infant vs breast-
fed infant, meat diet vs complex fiber diet, etc…)  
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• Many microbial metabolites or transformation 
products that can be generated in the gut have 
significant influence on host physiology: (1) 
vitamin production, (2) modification of steroids, 
(3) amino acid biosynthesis. 

• Educating the immune system:  

- Several bacterial species are anti-inflammatory 
and actively participate in suppressing the 
activation of innate immune cells, stimulate the 
secretion of mucus by the endothelial (goblet) cells 
and the secretion of IgA in the lumen. 

- Axenic animals (without intestinal flora) or 
gnotobiotic animals (introduction of specific 
microbial species to an axenic animal) have an 
atrophy of all peripheral lymphoid organs, low levels 
of serum Ig, and decreased immune responses of all 
types relative to a normal animal, indicating that 
commensals also participate in the education of 
adaptive immunity cells. 

- The only entryway into tissues for the commensals 
are the M cells. But if they can be transferred from the 
lumen to the lamina propria by the M cells, the local 
secretion of inhibitory cytokines such as TGFβ and the 
presence of Treg inhibit the inflammatory response and even favour the differentiation of 
resident TH in Treg. 

Describe how the microbiota of any ecological niche on the human body can both protect 
against pathogenesis and at times participate in diseases. What needs to happen for an 
infectious or opportunistic agent to cause disease (especially in the gut).  
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Describe the different microbial microhabitat in the oral cavity and airways, the 
characteristic of the microbiota present and what mechanisms the oral cavity and airways 
have in order to clear or contain the microorganisms present.  

 

Describe the different microbial microhabitat in the urogenital tract, the characteristic of 
the microbiota present and what mechanisms it has in order to clear or contain the 
microorganisms present.  
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Describe the different microbial microhabitat in the skin, the characteristic of the 
microbiota present.  
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Describe disorders of the microbiota in the GI tract (IBD) and what using mouse models 
have shown about the capacity of the microbiota to impact our health.  
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Distinguish between probiotics and prebiotics.  

Part 2: Weapons of mass infection  

Describe what conditions need to be met for an infection to occur, ie the infection and disease 
process (in humans or animals). 
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Distinguish between the terms infection, bacteremia and septicemia.  
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Explain what virulence and attenuation mean. 
Explain what LD50 and ID50 are.  

  

 

Describe the cell structures or biochemical armoury that microorganisms can deploy to infect 
us (virulence factors):  

• For adhering to cells and tissues (adhesins, capsule, fimbriae, pili and flagella) 

• For invading cells and tissues (enzymes, cytolytic exotoxins)  

• For helping their growth and toxicity (virulence plasmid, exotoxins, endotoxins, anti-
phagocytic proteins, immune inhibitors). 
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Describe the virulence mechanisms of the following toxins and their effect at the cellular, tissue 
or systemic levels when appropriate:  

• Diphtheria toxin  
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• Botulinum and Tetanus toxins  

 

• Cholera toxin 
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• Cytolytic toxins (hemolysins and Staph alpha-toxin)  

• Endotoxins  
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Describe what are superantigens and how they can be so devastating during a S. aureus 
infection. 

Describe what is herd immunity.  
Herd immunity: the resistance of a population to a pathogen as a result of the immunity of a large 
portion of the population. 

Describe what is active immunity (vs passive immunity).  

Name what are the characteristics of a perfect vaccine.  

Describe the 4 main classes of vaccines and what their advantages and disadvantages are:  
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Describe what are recombinant and DNA vaccines. 

 

Describe what are adjuvants. 
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Explain what adjuvants are for in vaccine formulations. 

Name or identify targets of antiviral drugs (be as precise as possible)  

Name or identify targets of antifungal drugs (be as precise as possible).  
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