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Host-microbe symbiotic associations 

• Commensalism; microbe derives benefit, host derives neither 
benefit nor harm. 

 

• Mutualism; microbe and host derive benefit from association, 
which may be essential 

 

• Parasitism; one symbiont benefits at the expense of the other 





Why is the mouth attractive to bacteria? 

• Your mouth is a luxurious resort atmosphere for bacteria, 
yeast and viruses.  

• It's warm, moist, dark and features an open buffet every time. 

• The human host eats food (sugars and soft carbohydrates that 
cling to the teeth are especially desirable). 

• More than six billion of new microbial cells that are produced 
in 1hr or 2hr in each of our mouth. 



Endogenous nutrient 

• 1ml of saliva containing 100million bacterial cells         

      = 1mg wet weight 

 

• If saliva was swallowed 1000ml/day=1000mg(1gm)wet 
weight/day 

 

• Data of E. coli       
 nutrient 100gm was used 80gm for   metabolism process 
and the left for  increasing cell number. 

 

• So the oral flora need nutrient per day 
 =1x100=5gm. 
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Effect of intrinsic food on the microbe in oral cavity  



Associations Between Humans and the Normal Flora  

• Tissue specificity 

 
1. Tissue tropism: is the bacterial preference or predilection for 
certain tissues for growth. One explanation for tissue tropism is that 
the host provides essential nutrients and growth factors for the 
bacterium, in addition to suitable oxygen, pH, and temperature for 
growth. 

 

      2. Specific adherence:  Most bacteria can colonize a specific 
tissue or site because they can adhere to that tissue or site in a 
specific manner that involves complementary chemical interactions 
between the two surfaces. Specific adherence involves biochemical 
interactions between bacterial surface components (ligands or 
adhesins) and host cell molecular receptors. The bacterial 
components that provide adhesins are molecular parts of their 
capsules, fimbriae, or cell walls. The receptors on human cells or 
tissues are usually glycoprotein molecules located on the host cell 
or tissue surface. 
  



   
Figure 2. Specific adherence involves complementary chemical 
interactions between the host cell or tissue surface and the bacterial 
surface. In  the language of medical microbiologist, a bacterial "adhesin" 
attaches covalently to a host "receptor" so that the bacterium "docks" itself 
on the host surface. The adhesins of bacterial cells are chemical 
components of capsules, cell walls, pili or fimbriae. The host receptors are 
usually glycoproteins located on the cell membrane or tissue surface.  
 



Bacterium Bacterial adhesin Attachment site 

Streptococcus 
pyogenes 

Cell-bound protein (M -
protein) Pharyngeal epithelium 

Streptococcus 
mutans 

Cell- bound protein (Glycosyl 

transferase, Ag I/II )  
 

Pellicle of  tooth 

Streptococcus 
salivarius 

Lipoteichoic acid 
Buccal epithelium and  

tongue 

Streptococcus 
pneumoniae 

Cell-bound protein (choline-
binding protein) 
 

Mucosal epithelium 

Staphylococcus 
aureus 

Cell-bound protein Mucosal epithelium 

Neisseria 
gonorrhoeae 

N -methylphenyl- alanine pili 
Urethral/cervical 

epithelium 

 Bacterial specific adherence to host cells or tissue. 

 

 



Bacterium Bacterial adhesin Attachment site 

Enterotoxigenic 
E. coli Type-1 fimbriae Intestinal epithelium 

Uropathogenic E. 
coli 

P-pili (pap) Upper urinary tract 

Bordetella 
pertussis 

Fimbriae ("filamentous 

hemagglutinin") Respiratory epithelium 

Vibrio cholerae N -methylphenylalanine pili  Intestinal epithelium 

Treponema 
pallidum 

Peptide in outer membrane Mucosal epithelium 

Mycoplasma Membrane protein 
Respiratory 

epithelium  

 Bacterial specific adherence to host cells or tissue. 

 

 



Some terms in the field of microbial pathogenesis 

• Carrier state 

• Colonization 

• Commensal 

• Commensalism 

• Germ carrier or carrier 

 

 

 

• Infection 

• Infestation 

• Infectious disease 

• Mutualism 

• Opportunist or 
opportunistic 



Outcome of the host-microbe interactions 

acquisition 



Abbreviation in Figure 3 

• A: acquisition of a microbe can be followed by elimination through physical 
defenses or immune mechanisms.  

• B: acquisition of certain microbes results in damage and disease in certain hosts.  
• C: certain commensal microbes can cause disease if the state of commensalism is 

disturbed by immune impairment or alterations of the host microbial flora (e.g.,C. 
albicans can cause pharyngeal candidiasis and vaginal candidiasis in the settings of 
immune suppression and antibiotic use, respectively). 

• D: the state of colonization may be terminated by an immune response (e.g., 
transient nasopharyngeal carriage of N. meningiditis or S. pneumoniae). The 
trigger for the immune response is not well understood,  but may occur after the 
damage threshold is reached.  

• E: the state of colonization may lead to disease if sufficient damage ensues from 
the interaction.The damage may be host-mediated, pathogen-mediated, or both.  

• F: the state of colonization may lead to a state of persistence (chronicity and 
latency), whereby the immune response is unable to eradicate the infection 
despite continued damage (e.g., latent M. tuberculosis or Histoplasma capsulatum 
infection in tissue granuloma). 

• G: an immune response or therapy may eradicate the infection but this does not 
always terminate disease, because the damage may be irreversible (e.g., 
poliomyelitis) or continue through immunological mechanisms (e.g., reactive 
arthropathies).  

• H: if sufficient damage is incurred as a result of the host-microbe interaction, 
death ensues.  

• I: persistent infections may reactivate and cause overt disease (e.g., reactivation 
tuberculosis). 
 
 
 

 
 
 



Possible interactions between the host and the oral microbial 

community  

Photomicrograph of 

 bacteria adhered to  

epithelial cells 



Mucosal immunity 



Inductive and effector sites in the oral mucosa versus the gut mucosa 



Immune system  
in oral cavity 



Immune mechanism in periodontal tissues 



Bacterial  communication by quorum sensing 

 

Function of quorum sensing 

• Bacterial survival and interaction in natural habitats. 

• Regulate biofilm formation 

• Regulate the expression of some special factors 

 

Common form of cell-cell signalling molecules 

• Intra-species: e.g.. Acylated-homoserine lactone (HSL) for Gram-

negative bacteria or stimulating peptides for Gram-positive bacteria 

called autoinducer-1(AI-1),  

• Inter-species:  autoinducer-2 (AI-2) 

 



Figure. LuxI/LuxR quorum sensing. In most Gram negative quorum 

sensing bacteria, LuxI-like autoinducer synthases (square) are responsible 
for production of specific HSL autoinducers (triangles). 



Figure. Peptide quorum sensing. In most Gram positive quorum sensing bacteria, 

dedicated ABC(ATP-binding cassette) transporters process and export peptide 

autoinducers (pheromone). Extracellular pheromones are recognised by membrane 

bound two-component sensor kinase proteins. H; histidine residues, D; aspartate 
residues, P; phosphorelation 
 

Sensor kinase proteins 

Response regulator 



Figure.  The hybrid HSL-two-component quorum sensing circuit; two 

autoinducers to regulate density-dependent light production. AI-1 is N-(3-

hydroxybutanoyl)-homoserine lactone (diamonds), and AI-2 (cylinders) is of  

unknown structure. The proteins required for synthesis of  AI-1 and AI-2 are 

LuxLM and LuxS, respectively. A cognate two-component sensor kinase 

protein detects each autoinducer. Specifically, LuxN is responsible for 
detection of  AI-1 and LuxQ is responsiblefor AI-2. 
 



How host can detect the pathogen-associated 
molecular patterns  

• Toll-like receptor (TLR) family is the best characterized class of 

  pattern recognition receptors (PRRs) in mammalian species. 

• most mammalian species have 10 to 15 TLRs. 

• TLRs detect multiple pathogen-associated molecular patterns 

 (PAMPs), including lipopolysaccharide (LPS) (detected by TLR4), 
bacterial lipoproteins and lipoteichoic acids (detected by TLR2), 
flagellin (detected by TLR5), the unmethylated CpG DNA of bacteria 

and viruses (detected by TLR9), doublestranded RNA (detected by 

TLR3) and single-stranded viral RNA (detected by TLR7). 
 

 



Mechanism of the TLR-mediated control of adaptive 
immune responses. 

• TLR-regulated cell recruitment to infection sites 
 

• TLR activation of leukocytes 
 

• TLR activation of stromal cells 
 

• TLRs and DCs 



TLR expression by human DC subsets 
 



DC populations express non-overlapping sets of TLRs 



DC populations express non-overlapping sets of TLRs 



DC subset distribution and migration in vivo 


