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0. the Concepts… 
1. Molecular mechanisms of anti-infectious immunity 
2. Principles of action and category of virulence factors  
3. Genetic equipment and gene expression regulation of bacterial pathogens 
4. Experimental systems for virulence genes identification and host-pathogen interaction studies  
5. Protective mechanisms enabling bacteria to overcome innate immunity 
6. Cell biology and mechanisms of bacterial toxin action                                         
9. Cellular microbiology - intracellular bacterial pathogens  
10. Vaccines as tool for modulation of host response and protection from infection 
11. Antibiotics as anti-infectious therapeutics and resistance to antibiotics 
12. Intestinal microflora and commensals of the mammalian gut 
13. Most studied bacterial pathogens - an overview: 
13. Corynebacterium diphteriae, Streptococcus pyogenes a Staphylococcus aureus 
14. Clostridium botulinum, perfringens, tetani, B. cereus, Helicobacter pylori 
15. Ricketsia, Fracisella, Coxiella, Yersinia 
16. Salmonella, Shigella,  
18. Campylobacter jejuni, Vibrio cholerae  
17. Escherichia coli ? EPEC, ETEC, UPEC, NMEC 
17. Bordetella, Mycobacterium, Neisseria, 
18. Listeria, Borelia, Mycoplasma, Chlamydia  
13. Corynebacterium diphteriae, Streptococcus pyogenes a Staphylococcus aureus 
14. Clostridium botulinum, perfringens, tetani, B. cereus, Helicobacter pylori 
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17. Escherichia coli – EPEC, ETEC, UPEC, NMEC 
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18. Listeria, Borelia, Mycoplasma, Chlamydia  

Synopsis of the course (22 hours in total): 

 

 

 

 

 

 

 

The general concepts 

 

 

 

 

 

 

 

 

 

Specific examples 



The concept: 

• Bacteria evolved for hundreds of millions of years with the 

ancestral and present hosts –  

• The war for survival/transmission and food… 

::::Commensals and pathogens evolved unbelieveable 

tools to manipulate hosts and evade immune response  

• many of the tricks evolved to allow colonization of 

protozoa, worms, insects (lived here before us…) 

• Now used to colonize vertebrates and humans 

• Many mechanisms can be studies in worms, insects 

and protoza  

• amenable to genetic manipulation … 



We as humans, we are an anecdote of Nature… 

First bacteria some 3.5 billion years ago 

WE appeared some 0.15 million years ago? 

First eukaryotes 



Presence  of commensal flora in the human body 
Microorganisms colonize most of the epithelial surfaces 

exposed to the environment („microbial organ“) 
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Nature has many flavors: by no means “on sizes fits all” would apply 

 host pathogen interactions have many facets,  

it is all about food, survival and transmission… 



Nature has many flavors: by no means “on sizes fits all” would apply 

 host pathogen interactions have many facets,  

it is all about food, survival and transmission… 

Photorhabdus luminescens is a symbiotic pathogen 

of insects living in the gut of an entomopathogenic 

nematode. It is released into the hemolymph of the 

insect to kill the insect and break down the body of the 

infected insect into nutrients for the nematode and 

bacteria.  

The bacteria enter the nematode progeny as they 

develop and secretes antibiotics to protect against 

competition from other bacteria. 



Silly use of antibiotics drives evolution of 

multidrug-resistant nosocomial pathogens 

Forsberg et al. The Shared Antibiotic Resistome of Soil Bacteria and Human Pathogens 

Science 31 August 2012: Vol. 337, pp. 1107-1111, DOI: 10.1126/science.1220761 

 

Soil microbiota represent one of the ancient evolutionary origins of antibiotic resistance and 

have been proposed as a reservoir of resistance genes available for exchange with clinical 

pathogens. Using a high-throughput functional metagenomic approach in conjunction with a 

pipeline for the de novo assembly of short-read sequence data from functional selections 

(termed PARFuMS), we provide evidence for recent exchange of antibiotic resistance genes 

between environmental bacteria and clinical pathogens. We describe multidrug-resistant 

soil bacteria containing resistance cassettes against five classes of antibiotics 

(β-lactams, aminoglycosides, amphenicols, sulfonamides, and tetracyclines) 

that have perfect nucleotide identity to genes from diverse human pathogens. 

This identity encompasses noncoding regions as well as multiple mobilization sequences, 

offering not only evidence of lateral exchange but also a mechanism by which antibiotic 

resistance disseminates. 



The Shared Antibiotic Resistome of Soil Bacteria and Human 

Pathogens 
Forsberg et al. Science 31 August 2012: Vol. 337, pp. 1107-1111,  

DOI: 10.1126/science.1220761 
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Metagenomics nowadays helps to explore the „ecosystem“ 

of the human „microbial organ“ 

Science 29 May 2009: 

Vol. 324. no. 5931, pp. 1190 – 1192  

Topographical and Temporal Diversity of 

the Human Skin Microbiome 

 

Human skin is a large, heterogeneous organ 

that protects the body from pathogens while 

sustaining microorganisms that influence 

human health and disease. The analysis of 

16S ribosomal RNA gene sequences obtained 

from 20 distinct skin sites of healthy humans 

revealed that physiologically comparable sites 

harbor similar bacterial communities. The 

complexity and stability of the microbial 

community are dependent on the specific 

characteristics of the skin site. This 

topographical and temporal survey provides a 

baseline for studies that examine the role of 

bacterial communities in disease states and 

the microbial interdependencies required to 

maintain healthy skin 



June 2012: Nature special issue on human  

„Microbiomics… 
CURRENT RESEARCH IN NATURE 

Gut microbiota composition correlates with diet and health in the elderly FREE 
Marcus J. Claesson et al. 

doi:10.1038/nature11319 ( 09 August 2012 ) 
A framework for human microbiome research 

Barbara A. Methé et al. 
doi:10.1038/nature11209 ( 14 June 2012 ) 

Structure, Function and Diversity of the Healthy Human Microbiome 
The Human Microbiome Project Consortium 
doi:10.1038/nature11234 ( 14 June 2012 ) 

Human gut microbiome viewed across age and geography FREE 
Tanya Yatsunenko et al. 

doi:10.1038/nature11053 ( 14 June 2012 ) 
Dietary fat-induced taurocholic acid production promotes pathobiont and colitis in IL-

10-/- miceFREE 
Suzanne Devkota et al. 

doi:10.1038/nature11225 ( 14 June 2012 ) 
RECENT CONTENT IN NATURE 

Tissue factor and PAR1 promote microbiota-induced intestinal vascular 
remodelling FREE 

Christoph Reinhardt et al. 
Nature 483, 627-631 ( 29 March 2012 ) 

Inflammasome-mediated dysbiosis regulates progression of NAFLD and obesity 
Jorge Henao-Mejia et al. 

Nature 482, 179-185 ( 09 February 2012 ) 
Commensal microbiota and myelin autoantigen cooperate to trigger autoimmune 

demyelination 
Kerstin Berer et al. 

Nature 479, 538-541 ( 24 November 2011 ) 
Peripheral education of the immune system by colonic commensal microbiota 

Stephanie K. Lathrop et al. 
Nature 478, 250-254 ( 13 October 2011 ) 

Antibiotic overuse: Stop the killing of beneficial bacteria 
Martin Blaser 

Nature 476, 393-394 ( 25 August 2011 ) 
Ecology drives a global network of gene exchange connecting the human microbiome 

Chris S. Smillie et al. 
Nature 480, 241-244 ( 08 December 2011 ) 

Human nutrition, the gut microbiome and the immune system 
Andrew L. Kau et al. 

Nature 474, 327-336 ( 16 June 2011 ) 
Enterotypes of the human gut microbiome 

Manimozhiyan Arumugam et al. 
Nature 473, 174-180 ( 12 May 2011 ) 

Gut flora metabolism of phosphatidylcholine promotes cardiovascular disease 
Zeneng Wang et al. 

Nature 472, 57-63 ( 07 April 2011 ) 
Cardiovascular disease: The diet–microbe morbid union 

Kimberly Rak and Daniel J. Rader 
Nature 472, 40-41 ( 07 April 2011 ) 

Viruses in the faecal microbiota of monozygotic twins and their mothers 
Alejandro Reyes et al. 

Nature 466, 334-338 ( 15 July 2010 ) 
Genomics: The tale of our other genome 

Liping Zhao 
Nature 465, 879-880 ( 17 June 2010 ) 

Staphylococcus epidermidis Esp inhibits Staphylococcus aureus biofilm formation 
and nasal colonization 

Tadayuki Iwase et al. 
Nature 465, 346-349 ( 20 May 2010 ) 

Transfer of carbohydrate-active enzymes from marine bacteria to Japanese gut 
microbiota 

Jan-Hendrik Hehemann et al. 
Nature 464, 908-912 ( 08 April 2010 ) 

Microbiology: Genetic pot luck 
Justin L. Sonnenburg 

Nature 464, 837-838 ( 08 April 2010 ) 
A human gut microbial gene catalogue established by metagenomic sequencing 

Junjie Qin et al. 
Nature 464, 59-65 ( 04 March 2010 ) 
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Enteric nervous system  

 Over 500 million neurons in the intestinal tract which 

is as much as the spinal cord. 

Gershon, Hosp. Pract. 34:31, 1999  



Who's listening in?  

Staphylococcus bacteria between two body cells.. 

Some infectious bacteria intercept the human stress-response hormone noradrenaline and 

use it as a cue to escalate their growth  

— perhaps explaining why stressed animals are more likely to die of infection… 

QseC, a bacterial receptor that detects a quorum-sensing signal called autoinducer 3 (AI-3), 

is also activated by the mammalian hormones adrenaline and noradrenaline3. Both cause the 

bacterium Escherichia coli to express virulence genes 

 



Pre-treatment with norepinephrine 

increases virulence of Y. enterocolitica 

One week post-challenge Y. enterocolitica  pre-treated with  

norepinephrine 50,000X more infective. 



Virulence factor Strategy involved in virulence 

Pili Adherence to mucosal surfaces 

Nonfimbrial adhesins Tight binding to host cell 

Bacterial triggering of actin 
rearrangement in host cells 

Forced phagocytosis of bacteria by normally nonphagycytic host 
cells; movement of bacteria within host cells or from one host cell to 

another 

Binding to and entry of M cells M cells used as natural port of entry into underlying tissue 

Motility and chemotaxis Reaching mucosal surfaces (especially areas with fast flow) 

sIgA proteases Prevent trapping of bacteria in mucin 

Siderophores, surface proteins that bind 
transferrin, lactoferrin, ferritin, or hemin 

Iron acquisition 

Capsules (usually polysaccharides) Prevent phagocytic uptake; reduce complement activation 

Altered LPS O antigen MAC not formed; serum resistance 

C5a peptidase Interferes with signaling function of complement 

Toxic proteins  Kill phagocytes; reduce strength of oxidative burst 

Variation in surface antigens Evade antibody response 



Hard to find a cellular process not targeted by some toxin… 

Among the most sophisticated bacterial tools are 

Proteins toxins tha are “smart, pretty and usefull” 



Paradigm – use lower animals as models…  

e.g. Caenorhabditis elegans as host to study 

                                          bacterial toxins 

host 

toxin 

= intoxicating 
host gene 

host -1 gene 

toxin 

resistant 

host -1 gene 

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.

hypersensitive 

= defending 
host gene 

Whole genome siRNA screen  



hypersensitive and resistance 

can be recapitulated by RNAi feeding 





Microorganisms colonize our skin and most of the epithelial 
surfaces exposed to the environment  - making a „microbial 

organ“ 
 
NOSE 108

 

Staph. aureus 
Staph. epidermidis 
Diphtheroids 
Streptococci 

 
SKIN 10

12
 

Staph. aureus 
Staph. epidermidis 
Ps. aeruginosa 
Propionibacterium acnes 
Anaerobes 

 
THROAT 

Staph. epidermidis 
Haem. influenzae 
Neisseria spp. 
Strep. Pneumoniae 
Strep. pyogenes 

 
URETHRA AND VAGINA 108

 

Staph. epidermidis 
Streptococci 
Lactobacilli 
Veillonella 
etc. 

 
STOMACH 104

 

Hel. pylori 

 
ORAL CAVITY 1010

 

Strep. mutans 
Por. Gingivalis plus 
Some 700 other 
species 

 
INTESTINES 1014 ~220g 
~1200 species… 

Bacteroides spp. 
Bifidobacter spp. 
Bacillus spp. 
Eubacteria 
Ruminococcus albus etc. (Wilson et al, 2002) 

The peaceful coexistence with our microflora is occasionally 

perturbed by intruders 

 pathogenic microorganisms  

  

 specifically equipped for manipulation of our immune system 

 

If overwhelming - cause us problems 



Virulence factor Strategy involved in virulence 

Pili Adherence to mucosal surfaces 

Nonfimbrial adhesins Tight binding to host cell 

Bacterial triggering of actin 
rearrangement in host cells 

Forced phagocytosis of bacteria by normally nonphagycytic host 
cells; movement of bacteria within host cells or from one host cell to 

another 

Binding to and entry of M cells M cells used as natural port of entry into underlying tissue 

Motility and chemotaxis Reaching mucosal surfaces (especially areas with fast flow) 

sIgA proteases Prevent trapping of bacteria in mucin 

Siderophores, surface proteins that bind 
transferrin, lactoferrin, ferritin, or hemin 

Iron acquisition 

Capsules (usually polysaccharides) Prevent phagocytic uptake; reduce complement activation 

Altered LPS O antigen MAC not formed; serum resistance 

C5a peptidase Interferes with signaling function of complement 

Toxic proteins  Kill phagocytes; reduce strength of oxidative burst 

Variation in surface antigens Evade antibody response 



Knowledge is useful: 

How bacterial toxins manipulate us 
and How we use them 



Hard to find a cellular process not targeted by some toxin… 

Central to bacterial virulence and immunomodulation  

are PROTEIN TOXINS  

That are “smart, pretty and useful” 



Stapylococcus aureus α-toxin heptamer  

Toxins are pretty 

http://www.sciencemag.org/content/vol274/issue5294/images/large/se496452502a.jpeg


membránový kanál tvořený alfa-toxinem  

Electrical potential  

gradient on a typical  

cell membrane is 

50 000 V/cm 

 

Millions of ions per  

second  make … 

 

 

Genetically modified toxins as molecular gatekeepers for 

drug and cryoprotectant delivery, biosensors etc.. 
Bayley H, Cremer PS. Stochastic sensors inspired by biology. Nature, 413, 226-230 

(2001)   

Toxins can be very usefull… 

http://www.sciencemag.org/content/vol274/issue5294/images/large/se496452502b.jpeg


Staphylococcus aureus α-Toxin  
in a next generation sequencer…!!! 

$900 USB stick 

Oxford Nanopore's MinION sequencer can  

read DNA fragments up to 10 kilobases long 



The rate of movement of a DNA strand through the 

nanopore can be controlled by the use of an enzyme, 

such as a DNA polymerase (shown in dark grey, upper 

panel) 



You are here: Home / Archives for Oxford Nanopore Technologies / Oxford Nanopore MinION 

Oxford Nanopore MinION Data from E.Coli K-12 Genome is here 
September 10, 2014 by nextgenseek · Leave a Comment 

                                  

 

 

Up to 10 kbp reads possible…. 

http://nextgenseek.com/
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Hard to find a cellular process not targeted by some toxin… 

Bacterial toxins are “smart, pretty and usefull” 



Diphteria or ExoA toxin action 

Diphthamide is a 

modified histidine 

amino acid found 

in eukaryotic 

elongation factor 2 

(eEF-2). It is ADP-

ribosylated by 

diphtheria toxin, 

which renders the 

elongation factor 

inactive. 

 



N 
ADP-r-EF2 

= PE38 

= PE28 Mammalian cell 

Cell death 

= processing 

= LRP 

II 

III 
I 

ER 

Furin 

Cleavage 

Unfolding &  

reduction 



Ia 

II 

III 

Ib loop 

PE38 - the enzymatically  

active and cytotoxic domain 

 



Antibody-toxin fusions - recombinant Immunotoxins 

scFv-PE38 dsFv-PE38 

On 16 May 2013, AstraZeneca started 

Phase III clinical trials with CAT-8015  
that targets various CD22 positive B-cell 

malignancies: 

Non-Hodgkin lymphoma  

chronic lymphocytic leukemia 

Hairy cell leukemia 

acute lymphoblastic leukemia (pediatric) 

http://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
http://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
http://en.wikipedia.org/wiki/Non-Hodgkin_lymphoma
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http://en.wikipedia.org/wiki/Acute_lymphoblastic_leukemia
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Hard to find a cellular process not targeted by some toxin… 

Bacterial toxins are “smart, pretty and usefull” 



Sixma et al., Nature 351: 371-377, 1991 Merritt et al., Prot. Sci. 3: 166-175, 1994 

Termo-labile toxin of V. cholerae  or E. 
coli can make you really sick… 



cAMP 

PKA 

Cl - 

GM1 

BASOLATERAL 

VESICLES 

GSa 

AC 

APICAL 

ENDOSOMES 

Action of cholera toxin and related enterotoxins 



A cholera patient of this size can produce up to  

80 L of “rice water stool” per day….  



Toxoid (chemically or genetically inactivated toxin) 

VACCINE antigens and adjuvants 

LT 
PTX 

DT 

DT 



Hard to find a cellular process not targeted by some toxin… 

Bacterial toxins are “smart, pretty and usefull” 



Clostridial neurotoxin trafficking  

 

  

 

 

The tetanus (TeNT; green) and 

botulinum neurotoxins (BoNTs; 

blue) act on mammalian motor 

neurons and an interacting 

spinal inhibitory interneurons.  

 



Clostridium tetani toxin  
(tetanospasmin) 



Clostridium botulinum toxin (botulismus) 

 

blocking acetylcholine release causes descending weakness of skeletal muscles 

and death from respiratory paralysis due to interferences with muscle contraction 



Clostridium botulinum toxin (botulismus) 

 

blocking acetylcholine release causes descending weakness of skeletal muscles 

and death from respiratory paralysis due to interferences with muscle contraction 

The estimated human dose LD50, based on animal studies, is approximately   

0.09 to 0.15 μg by intravenous administration 

 

0.7 to 0.9 μg by inhalation and 70 μg by oral administration 

 

Death is usually the result of respiratory failure or secondary infection 

associated with prolonged mechanical ventilation. 

 

 



Virulence is a matter of niche and lifestyle…  

No virulence needed 

for transmission 

real  commensal 

Virulence=cough 

absolutely needed 

for transmission 

Example 2: Bordettella pertussis 

 

 

 

No virulence needed 

for transmission 

= mostly commensals 

No virulence needed 

for transmission  

= commensal/patogen 

Example 1:  

Neisseria meningitidis 

 

No virulence needed 

for transmission 

= mostly commensals 

Virulence = pathology  

Provoking tissue destruction and 

cough absolutely needed 

for survival and transmission 

Example 3: Mycobacterium 

tuberculosis 



Asymptomatic 

colonization of  the 

genitourinary tract 

 Localized inflammation 

 Asymptomatic colonization of 
the nasopharynx 

 Localized inflammation 
(pneumoniae) 

 Invasive disease cross the 
blood brain barrier 

 Commensal (< 5 years) 

 Non pathogenic 

Neisseria gonorrhoeae Neisseria meningitidis 

Neisseria lactamica 

Example 1:  The smartest bacteria are the commensals that make their 

 host happy to facilitate survival and transmission   



Asymptomatic 

colonization of  the 

genitourinary tract 

 Localized inflammation 

 Asymptomatic colonization of 
the nasopharynx 

 Localized inflammation 
(pneumoniae) 

 Invasive disease cross the 
blood brain barrier 

 Commensal (< 5 years) 

 Non pathogenic 

Neisseria gonorrhoeae Neisseria meningitidis 

Neisseria lactamica 

Example 1:  The smartest bacteria are the commensals that make their 

 host happy to facilitate survival and transmission   

-Efficient adaptation to host mucosa environment: 

- Several adhesive mechanisms (pili, Opa, fha) 

- Phase variation (On-Off switchiong of antigens 10-6/generation) 

- Antigenic hypervariability – 1011 pili variants 

- Natural competence for DNA take-up – high genome flexibility due to     

 recombination 

-  iron acquisition systems – siderophores and transferrin receptor 

- serum (complement) resistance – polysaccharide capsule 

-  IgA inactivating protease 

- „tight“ adhesion  to mucosal epithelia 

- Antiapoptotic and cell-cycle supprting signaling 
- „Make your host cell happy“ 

-10% healthy carriers of Neisseria menigitidis…., up to 30% among recruits and 

freshmen at university entry 

 

 



Example of a pathogen? 

Salmonella does not really need  

to make you sick to spread… 

 

Depending on the host genotype  

and immune status, Salmonelosis  

can range from asymptomatic to 

life-threatening systemic disease 

 

You may be shedding Salmonella  

for years without taking note… 



Macrophage apoptosis 
Caspase-1 activation by IpaB 

       -Bacterial survival 
-Initiation of inflammation 

Mcell

Epithelial cell

Macrophages

IpaB 
IpaC

IpaB 
IpaC 
IpaA

IcsA

IL-8
+ typeIII  
secreton 

IL-1

IL-18

Polymorphonuclear 
Leukocyte

Activation of NF-B 
Caused by IL-1 and 
Intracellular Shigella 

LPS

ShigellaShigella flexneri 

Shigella  will definitely make you quite sick… 



Life-threathening diarrhoea “production”  

of a single patient in a day 



Strategies for hiding inside 

host cells 

 

 

escape to complement and 

antibody action, plenty of 

nutrients… 

 



Entry into non phagocytic cells 



Entry 

Internalin (InlA) 

InlB 

 Lysis of the vacuole 

Intracellular movement  

Lysis of the 

two membrane 

vacuole 

Cell to cell 

spread 

Adapted from L.G. Tilney and D.A. Portnoy J.Cell.Biol. (1989) 109, 1597 

Successive steps of the cell infectious process 

bacterial factors 



Successive steps of the cell infectious process 



Not a pickle ! 



Exponential replication Post-Exponential  

Phenotypic modulation 





Early endosome 

 Late endosome 

 Phagolysosome 

Vacuolar intracellular pathogens 

S. typhimurium 

M. tuberculosis 

Acidified late endosome 

Early endosome 

L. pneumophila 

Rab5 

Rab7 

Lamps 

Lamps 

Cathepsin 

Rab5 

Rab7 

Lamps 



Intracellular life-styles. Schematic representation of the Salmonella-containing 

vacuole (see text). Listeria and Shigella lyse the vacuole and move in the 

cytosol by an actin-based motility process mediated by ActA or IcsA/VirG, which 

interact with Arp2/3 or N-WASP and Arp2/3, respectively. EE: early endosome; 

LE: late endosome; Ly: lysosome; ER: endoplasmic reticulum  

http://www.sciencemag.org/content/vol304/issue5668/images/large/zse0140424420003.jpeg


Strategies evolved by bacterial  
pathogens to restrain virulence 

(A) EPEC injects effector proteins into intestinal epithelial cells (IECs) via a T3SS. EspF localizes to mitochondria and causes release of cytochrome 

c into the host cell cytosol, which results in apoptotic death of the host cells. NleH interacts with Bax inhibitor-1 (BI-
1), which inhibits release of cytochrome c from mitochondria. EspZ interacts with CD98, which then 

stimulates phosphorylation of focal adhesion kinase (FAK) to promote survival. Localization of NleH and EspZ in host cells during early stages 

of EPEC infection is unclear and has been portrayed as shown for simplicity. (B) H. pylori injects virulence factors into gastric epithelial cells 

via a type IV secretion system in addition to secreting soluble toxins. VacA is an H. pylori–secreted toxin that enters cells by pinocytosis and 

penetrates intracellular endosome trafficking pathways. VacA causes release of cytochrome c from mitochondria of infected cells, thus 

mediating host cell apoptosis. CagA is a T4S virulence factor, which prevents both pinocytosis/trafficking and cytochrome c release by VacA. 

Functions of CagA are dependent on its phosphorylation state, not depicted here. (C) S. flexneri enters IECs from their basolateral surface and 

then resides in the cell cytoplasm. Prosurvival signaling is initiated by Nod1 activation of Rip2 signaling, which terminates in expression of pro-

survival genes, including Bcl-2, via NFκB activation and nuclear translocation. Conversely, S. flexneri facilitates a decrease in the Bcl-2/Bnip3 

ratio, which leads to CypD-mediated disruption of mitochondria and oxidative stress-induced necrotic cell death. 

doi:10.1371/journal.ppat.1001057.g001 


