
Microbes as Agents of Microbes as Agents of 
Infectious Disease

 Normal Flora Normal Flora

Vi l  d P h i i Virulence and Pathogenicity

 Toxicity vs. Invasiveness



WE ARE NOT ALONE!

“We are outnumbered. The average human contains g
about 10 trillion cells. On that average human are about 
10 times as many microorganisms, or 100 trillion 
cells...As long as they stay in balance and where they 
belong, [they] do us no harm…In fact, many of them 
pro ide some important ser ices to s [B t] most areprovide some important services to us. [But] most are 
opportunists, who if given the opportunity of increasing 
growth or invading new territory will cause infection ”growth or invading new territory, will cause infection.

- Sullivan (1989)- Sullivan (1989)



Take Home Message:a e Home Message

Bacterial Cells ~1014 cells/bodyact r a  c / y

Eukarya Cells ~1013 cells/bodyE y / y

Normal Flora helps maintain our health
 Provides vitamins & nutrientsm
 Detoxify many compounds
 Prevent colonization of pathogensf p g





Normal human microflora

Good
Bad

Most





Skin:

Resident Microbes:
   ( )Most are Gram (+)
Staphylococcus
Micrococcus
Actinobacteria

Environmental Conditions: Hostle
h l High Salt

 Low pH
D Dry



Figure 27.3

Other
Flavobacteriales

Normal skin microflora. (a) Analysis of the skin 
microbiome from 10 healthy human volunteers detected 
19 bacterial phyla Four phyla were predominant (b)

Betaproteobacteria
Corynebacteria

Propionibacteria
Staphylococci

19 bacterial phyla. Four phyla were predominant. (b) 
Composite populations of Bacteria from the same 
volunteers, divided according to sebaceous, moist, and 
dry skin microenvironments.
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Dental Plaque Bacteria

Streptococcus

Tooth Colonies Plaque Cross Section

Streptococcus
mutans

q





Mouth:

Resident Microbes:
Gram (+): Streptococcus & Lactobacilli
Gram (-): obligate anaerobes

Spirochetes: Borrelia

E l d   lEnvironmental Conditions: More Favorable
 Moist, though contains lysozyme

 f l h d Lots of polysaccharides
 Lots of amylase & protease





Respiratory Tract:

Resident Microbes: Upper Only
Gram (+): Streptococcus & StaphylococcusGram (+): Streptococcus & Staphylococcus

Environmental Conditions:Environmental Conditions:
 Mucous membranes
 Others compete with potential pathogens



Vit i  KVitamin K



G.I. Tract:
Stomach: Hostle, pH ~2

Gram (+):  Lactobacilli & Streptococcus
G  ( )   H li b t  l iGram (-):  Helicobacter pylori

Small Intestine: Gradient in pHSmall Intestine: Gradient in pH
low pH:  Lactobacilli
neutral:  Enterococcus

Large Intestine: Moist and pH ~7
11 121011 to 1012 bacteria/g wet wt feces

#1 is Bacteroides vulgatus at ~15% 
E  coli is only ~0 03%E. coli is only ~0.03%
Methanogens can also be detectable



Physical, chemical, & anatomical barriers to infection



Virulence and PathogenicityVirulence and Pathogenicity

Pathogen: A parasitic organism that causes 
damage to, or disease in its host.

P th nicit : Th  bilit  t  c us  dis sPathogenicity: The ability to cause disease.

Virulence: The relative degree or intensity Virulence: The relative degree or intensity 
of pathogenicity.

Virulence is determined by the five 
following characteristics of the pathogen 



Invasiveness: The ability of the organism to spread 
to adjacent tissues or other tissues.

Toxigenicity: The ability of the organism to produce Toxigenicity The ability of the organism to produce 
toxic products that cause disease and/or damage in 
the host.

Infectivity: The ability of the organism to establish 
a focal point of infection through growth.

Pathogenic potential: The degree that the pathogen 
causes morbid symptoms.causes morb d symptoms.

Hypersensitivity: Host’s innate sensitivity to 
pathogenpathogen.



The presence or even growth
of microbes on the host does 
not always lead to disease.

These two are key factorsy f
to the success or failure
of a potential pathogen 
to cause disease!to cause disease!



Determinants of Infectious Disease

To produce an infectious disease, a pathogen must be able to:

1. initially be transported to the host

2  dh  t  l i   i d  th  h t2. adhere to, colonize or invade the host

3. grow, multiply, or complete its life cycle in the host

4. initially evade host defense mechanisms

5. damage the host by mechanical and/or chemical means

In the end it is – Numbers (of bacteria) that make you sick!



Loose association Adhesion Invasion



Microorganisms and mechanisms of Pathogenesis

COLONIZATION
and

TOXICITY:
toxin effects are
l l i TISSUE

Further exposure at local sites

EXPOSURE
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ADHERENCE
to skin or mucosa

INVASION
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and
GROWTH

Production of
virulence factors

local or systemic

INVASIVENESS:
further growth at
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TISSUE
DAMAGE,
DISEASE

Further exposure

Figure 27.13



Adherence of microorganisms

Entero-toxic Vibrio cholerae Entero-invasive E. coli





LD50

Also an ID50

Bacterium A is more virulent than bacterium B



Table 27.6



Virulence factors in Salmonella



Adherence Factors:



Virulent Factors: Invasiveness

Also considered cytolytic toxins!



Virulent Factors: Plasmids



Virulent Factors: Antiphagocytic

Also considered cytolytic toxins!



Ex t xin :Exotoxins:

Extracellular toxic proteins released by pathogensExtracellular toxic proteins released by pathogens.

1. Cytolytic toxins cause cell lysis.y y y

2. Superantigen toxins stimulate the 
 immune system.

3  A B toxins where one part binds to 3. A-B toxins where one part binds to 
surface receptor and the second enters and 
impacts cellular function.impacts cellular function.



A-B exotoxins and their cellular entryA B exotoxins and their cellular entry

covalently linked



Staphylococcal alpha-toxin is Cytolytic

Efflux of
Cytoplasmic
membrane

Out

Efflux of
cytoplasmic
components

Toxin pore In-Toxin pore In
Influx of 
extracellular
components

Figure 27.20



Action of diptheria toxin from Corynebacterium diphtheriae 

 ADP ribosylates EF 2 ADP-ribosylates EF-2
 only takes one to kill cell



Action of botulinum toxin from Clostridium botulinum



Action of tetnus toxin from Clostridium tetani 



Ent t xin :Enterotoxins:

Exotoxins that specifically affect the Exotoxins that specifically affect the 
small intestine.

1. Generally cause massive secretion of fluid.

 d    d/  d h2. Leads to vomiting and/or diarrhea.

3  Often associated with food poisoning3. Often associated with food poisoning.



Action of cholera enterotoxin

ganglioside



Action of cholera enterotoxin

1:5 ratio1:5 ratio

Purified “B” blocks process



Action of cholera enterotoxin

Activates this reaction!
(Causing sodium influx blockage)(Causing sodium influx blockage)



Action of cholera enterotoxin



Action of cholera enterotoxin



Rem: Lipid A region of LPSRem: Lipid A region of LPS



toxin

(~ Diphtheria)





Classification of Antibiotics:Classification of Antibiotics:

1  Inhibit growth – “stat”1. Inhibit growth stat
Kill bacterium – “cide”

2. Broad and Narrow spectrum

3. Production Types:
Natural
S th tiSynthetic
Semi-synthetic



Salvarsan: The first magic bullet
Works against syphilusg yp
Ehrlich, 1900s 
Idea of selective toxicity

medicine?



Growth Factor Analog



Antibiotics Affecting Replication, Transcription, & Translation

DNA replication:
N lidi i  A id & N bi i  I hibit  DNA Nalidixic Acid & Novobiocin – Inhibits DNA gyrase

Transcription:
Rifampin – Beta subunit of RNA polymeraseRifampin – Beta subunit of RNA polymerase
Actinomycin – DNA binding, blocks elongation

Translation:Translation:
Streptomycin – Blocks initiation on SSU of ribosome
Chloramphenicol – Blocks elongation on LSU via peptide bond
Tetracycline – Blocks elongation SSUy g
Cycloheximide – Eucarya ribosome specific
Diptheria Toxin – EF blocker; both Archaea and Eucarya



How to build a better mouse trap: Penicillin
A -lactam antibiotic

I hibi  id i  f id l  h iInhibits transpeptidation of peptidoglycan chains
Forms the old 1-2-punch with autolysins



Mechanisms of Antibiotic Resistance

1. Lacks structure antibiotic inhibits:
Mycoplasms lack a typical cell wall.

2. Impermeable to the antibiotic:
Gram - bacteria impermeable to penicillin G.

3. Alteration of antibiotic:
β-lactamase degrades antibiotic e.g., springs open 
the mouse trap.the mouse trap.

4. Modifies the target of the antibiotic.

5. Genetically modifies the pathway that the
antibiotic affects.

6 Effl  f h  ibi i6. Efflux of the antibiotic:
Tetracycline gets pumped back out of the cell.



V i i  llVancomycin is generally
considered your 
last chance…

*symbol indicates that some multi-drug resistant strains of these organisms are now untreatable with known antimicrobial drugs.




