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BIOCOMPLEXITY

Extracellular Signaling molecule Extracellular Signaling molecule 

Hippocampus

Saccharomyces cerevisae

OrganismsOrganisms

• Human

• Animal

• Plant

• Multiple living cell

• Single living cell 
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Signal transductionSignal transductionSignal transductionSignal transductionSignal transductionSignal transductionSignal transductionSignal transduction

Signaling cells Signaling cells Signaling cells Signaling cells Signaling cells Signaling cells Signaling cells Signaling cells 

Extracellular Extracellular Extracellular Extracellular Extracellular Extracellular Extracellular Extracellular 
signalsignalsignalsignalsignalsignalsignalsignal

Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular Intracellular 
signalsignalsignalsignalsignalsignalsignalsignal

Receptor protien Receptor protien Receptor protien Receptor protien Receptor protien Receptor protien Receptor protien Receptor protien 

Target cellTarget cellTarget cellTarget cellTarget cellTarget cellTarget cellTarget cell

Protein Peptide Amino acid Nucleotide SteroidProtein Peptide Amino acid Nucleotide Steroid  Fatty acid GasFatty acid Gas
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Signaling cascadeSignaling cascadeSignaling cascadeSignaling cascadeSignaling cascadeSignaling cascadeSignaling cascadeSignaling cascade

Direct signalingDirect signalingDirect signalingDirect signalingDirect signalingDirect signalingDirect signalingDirect signaling

Amplify signalingAmplify signalingAmplify signalingAmplify signalingAmplify signalingAmplify signalingAmplify signalingAmplify signaling

Apparel signalingApparel signalingApparel signalingApparel signalingApparel signalingApparel signalingApparel signalingApparel signaling

Signaling complexSignaling complexSignaling complexSignaling complexSignaling complexSignaling complexSignaling complexSignaling complex

Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via Activation of cytoplamic domain via 
protein receptorsprotein receptorsprotein receptorsprotein receptorsprotein receptorsprotein receptorsprotein receptorsprotein receptors

•• Hydrophilic moleculeHydrophilic moleculeHydrophilic moleculeHydrophilic moleculeHydrophilic moleculeHydrophilic moleculeHydrophilic moleculeHydrophilic molecule

•• Hydrophobic moleculeHydrophobic moleculeHydrophobic moleculeHydrophobic moleculeHydrophobic moleculeHydrophobic moleculeHydrophobic moleculeHydrophobic molecule

Conformation 
molecule induces 
protein receptor.

Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: Intracellular signaling molecule: 
switch on and offswitch on and offswitch on and offswitch on and offswitch on and offswitch on and offswitch on and offswitch on and off

• Protein > Nucleotide > IonProtein > Nucleotide > IonProtein > Nucleotide > IonProtein > Nucleotide > Ion

Classification of CellClassification of CellClassification of CellClassification of CellClassification of CellClassification of CellClassification of CellClassification of Cell--Surface Receptors.Surface Receptors.Surface Receptors.Surface Receptors.Surface Receptors.Surface Receptors.Surface Receptors.Surface Receptors.  

1. Ion-Channel-Linked Receptors: Converting 

Chemical Signals to Electrical ones.

2. G-protein-Linked Receptors: Clicking On 

Internal Switches 

3. Enzyme-Linked Receptors: Directly Activating 

Biochemical Activity 
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Ligand-gated ion channels G protein-coupled receptors
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EnzymeEnzymeEnzymeEnzymeEnzymeEnzymeEnzymeEnzyme--Linked ReceptorsLinked ReceptorsLinked ReceptorsLinked ReceptorsLinked ReceptorsLinked ReceptorsLinked ReceptorsLinked Receptors::

Caenorhabditis elegansCaenorhabditis elegans

Kinase, Phosphatase,  Guanylyl cyclase.

Receptor tyrosine kinases (RTKs)

TGFβ

Ras : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinaseRas : activated receptor tyrosine kinase Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway Intracellular signaling pathway 
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Signal integrationSignal integrationSignal integrationSignal integrationSignal integrationSignal integrationSignal integrationSignal integration Quorum sensing Quorum sensing Quorum sensing Quorum sensing Quorum sensing Quorum sensing Quorum sensing Quorum sensing 

• When bacteria are present in high concentrations. 

• One or multiple species.

• Gene expression in response to cell-population 

density.

• Process: symbiosis, virulence, competence, 

conjugation, antibiotic production, motility, 

sporulation, and biofilm. cells secrete molecules 

� Horizontal gene transfer increases 10-600X 

� Conjugation 

� Transfection 

� Transduction 

Three canonical quorumThree canonical quorumThree canonical quorumThree canonical quorumThree canonical quorumThree canonical quorumThree canonical quorumThree canonical quorum--------sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria sensing circuits in bacteria and and and and and and and and 

Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers.Structures of different bacterial autoinducers. 
The The The The The The The The Vibrio fischeri Vibrio fischeri Vibrio fischeri Vibrio fischeri Vibrio fischeri Vibrio fischeri Vibrio fischeri Vibrio fischeri LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum LuxI/LuxR quorum 
sensing circuit.sensing circuit.sensing circuit.sensing circuit.sensing circuit.sensing circuit.sensing circuit.sensing circuit.
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The Pseudomonas aeruginosa LasI/LasR-
RhlI/RhlR quorum sensing system.
The Pseudomonas aeruginosa LasI/LasR-
RhlI/RhlR quorum sensing system.

NN--acyl homoserine lactonesacyl homoserine lactones  

Erwinia carotovora, Serratia species 
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Two component signal transduction in Two component signal transduction in Two component signal transduction in Two component signal transduction in 
Gram positive bacteriaGram positive bacteriaGram positive bacteriaGram positive bacteria

Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence Quorum sensing control of competence 
and sporulation in and sporulation in and sporulation in and sporulation in and sporulation in and sporulation in and sporulation in and sporulation in Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.Bacillus subtilis.

QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN QUORUM SENSING IN VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI VIBRIO HARVEYI : A HYBRID: A HYBRID: A HYBRID: A HYBRID: A HYBRID: A HYBRID: A HYBRID: A HYBRID
HOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWOHOMOSERINE LACTONE/TWO--------COMPONENTCOMPONENTCOMPONENTCOMPONENTCOMPONENTCOMPONENTCOMPONENTCOMPONENT
SIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUITSIGNALING CIRCUIT

Interspecies Communication and theInterspecies Communication and theInterspecies Communication and theInterspecies Communication and theInterspecies Communication and theInterspecies Communication and theInterspecies Communication and theInterspecies Communication and the
LuxS Family of AILuxS Family of AILuxS Family of AILuxS Family of AILuxS Family of AILuxS Family of AILuxS Family of AILuxS Family of AI--------2 2 SynthasesSynthasesSynthasesSynthasesSynthasesSynthasesSynthasesSynthases

AI1  � AIS to AIS

AI2  � AIS to DTAC
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INTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOMINTERGENERA AND INTERKINGDOM
COMMUNICATIONCOMMUNICATIONCOMMUNICATIONCOMMUNICATIONCOMMUNICATIONCOMMUNICATIONCOMMUNICATIONCOMMUNICATION

• Seaweed Delisea pulchra 
possess natural agents 
that counteract quorum 
sensing in the bacterium 
Serratia liquefaciens.

• B. subtilis produces AiiA 
that is homologous to 
zinc-binding 
metallohydrolases 

inactivates the E. 
carotovora HSL 
autoinducer.

BIOFILM FORMATION

Biofilm ((((Anton van Leeuwenhoek in Anton van Leeuwenhoek in Anton van Leeuwenhoek in Anton van Leeuwenhoek in 1684)))) 

• Biofilm = a microbial community Biofilm = a microbial community Biofilm = a microbial community Biofilm = a microbial community 
attached to a surfaceattached to a surfaceattached to a surfaceattached to a surface

• May be one or several organisms May be one or several organisms May be one or several organisms May be one or several organisms 

• Sessile organisms: attached Sessile organisms: attached Sessile organisms: attached Sessile organisms: attached 

• Planktonic organisms: free living Planktonic organisms: free living Planktonic organisms: free living Planktonic organisms: free living 

Benefits of Biofilm Formation to BacteriaBenefits of Biofilm Formation to BacteriaBenefits of Biofilm Formation to BacteriaBenefits of Biofilm Formation to Bacteria 

• Adherence to hospitable locale Adherence to hospitable locale Adherence to hospitable locale Adherence to hospitable locale 

• Syntrophic metabolism Syntrophic metabolism Syntrophic metabolism Syntrophic metabolism 

• Horizontal gene transfer Horizontal gene transfer Horizontal gene transfer Horizontal gene transfer 

• Disease reservoir Disease reservoir Disease reservoir Disease reservoir 



10

Infectious Disease Biofilms Infectious Disease Biofilms 

• Dental plaque Dental plaque Dental plaque Dental plaque 

• Endocarditis Endocarditis Endocarditis Endocarditis 

• Cystic Cystic Cystic Cystic 
Fibrosis Fibrosis Fibrosis Fibrosis 

• Otitis media Otitis media Otitis media Otitis media 

• Urinary Urinary Urinary Urinary 
catheter catheter catheter catheter 

• ImplantsImplantsImplantsImplants 

GlycocalyxGlycocalyxGlycocalyxGlycocalyx 

• Complex Complex Complex Complex 
exopolysaccharides exopolysaccharides exopolysaccharides exopolysaccharides 

• Adhesion Adhesion Adhesion Adhesion 

Protection fromProtection fromProtection fromProtection from 

• biocides biocides biocides biocides 

• antibiotics antibiotics antibiotics antibiotics 

• bacteriophage bacteriophage bacteriophage bacteriophage 

• freefreefreefree----living amoebae living amoebae living amoebae living amoebae 

• WBC WBC WBC WBC 

Climax Biofilm Climax Biofilm Climax Biofilm Climax Biofilm Climax Biofilm Climax Biofilm Climax Biofilm Climax Biofilm 

• Reaches optimal size Reaches optimal size Reaches optimal size Reaches optimal size 

• External organisms become planktonic, leave to External organisms become planktonic, leave to External organisms become planktonic, leave to External organisms become planktonic, leave to 
colonize elsewhere colonize elsewhere colonize elsewhere colonize elsewhere 

• Cells nearest the surface become quiescent or Cells nearest the surface become quiescent or Cells nearest the surface become quiescent or Cells nearest the surface become quiescent or 
die due to limited Odie due to limited Odie due to limited Odie due to limited O2 and nutrients, increased and nutrients, increased and nutrients, increased and nutrients, increased 
waste waste waste waste 

• Increased antibiotic resistanceIncreased antibiotic resistanceIncreased antibiotic resistanceIncreased antibiotic resistance 

Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance Antimicrobial Resistance 

• 103-104 higher doses of higher doses of higher doses of higher doses of 

antimicrobials needed to kill antimicrobials needed to kill antimicrobials needed to kill antimicrobials needed to kill 
biofilm compared with planktonic biofilm compared with planktonic biofilm compared with planktonic biofilm compared with planktonic 
organisms organisms organisms organisms 

• Biofilm is a molecular filter Biofilm is a molecular filter Biofilm is a molecular filter Biofilm is a molecular filter 

• Low metabolism of attached cells Low metabolism of attached cells Low metabolism of attached cells Low metabolism of attached cells 

• Reduces drug activityReduces drug activityReduces drug activityReduces drug activity 
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Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance Resistance to Immune System Clearance 

• Phagocytosis (macrophages, PMNs) Phagocytosis (macrophages, PMNs) Phagocytosis (macrophages, PMNs) Phagocytosis (macrophages, PMNs) 
• surface binding surface binding surface binding surface binding 
• engulfed engulfed engulfed engulfed 

• killed with digestive enzymes and killed with digestive enzymes and killed with digestive enzymes and killed with digestive enzymes and 
reactive oxygen molecules (Oreactive oxygen molecules (Oreactive oxygen molecules (Oreactive oxygen molecules (O2, H, H, H, H2OOOO2, , , , 
NO)    NO)    NO)    NO)    

  by by by by PMNsPMNsPMNsPMNs 

Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones Infectious Kidney Stones 

• 15----20% involve urinary tract infection % involve urinary tract infection % involve urinary tract infection % involve urinary tract infection 

• Bacterium Bacterium Bacterium Bacterium --------> biofilm > biofilm > biofilm > biofilm --------> mineralization > mineralization > mineralization > mineralization 

• Causative organisms have urease Causative organisms have urease Causative organisms have urease Causative organisms have urease 

• urea urea urea urea --------> NH> NH> NH> NH4 + H+ H+ H+ H2COCOCOCO3 

• Biofilm concentrates urease Biofilm concentrates urease Biofilm concentrates urease Biofilm concentrates urease --------> crystal > crystal > crystal > crystal 

formationformationformationformation 

 

Endocarditis Endocarditis Endocarditis Endocarditis Endocarditis Endocarditis Endocarditis Endocarditis 

• Biofilm of bacteria + host Biofilm of bacteria + host Biofilm of bacteria + host Biofilm of bacteria + host 
components on valve = vegetation components on valve = vegetation components on valve = vegetation components on valve = vegetation 

• Requires prior valve injury Requires prior valve injury Requires prior valve injury Requires prior valve injury 

• 200X increase in antibiotic X increase in antibiotic X increase in antibiotic X increase in antibiotic 
resistance resistance resistance resistance 

• Rabbit model: block biofilm Rabbit model: block biofilm Rabbit model: block biofilm Rabbit model: block biofilm 
formation formation formation formation --------> acute virulent > acute virulent > acute virulent > acute virulent 
infection infection infection infection 

• Ability of Yersinia pestis to Ability of Yersinia pestis to Ability of Yersinia pestis to Ability of Yersinia pestis to 
block flea midgutblock flea midgutblock flea midgutblock flea midgut

• Ability of Vibrio cholerae to Ability of Vibrio cholerae to Ability of Vibrio cholerae to Ability of Vibrio cholerae to 
survive in seawatersurvive in seawatersurvive in seawatersurvive in seawater

• Ability of uropathogenic Ability of uropathogenic Ability of uropathogenic Ability of uropathogenic E. E. E. E. 
colicolicolicoli to block growth of other to block growth of other to block growth of other to block growth of other 
microbes microbes microbes microbes 
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