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Quorum-Sensing Behaviors

V. fischeri Bioluminescence
P. aeruginosa Virulence Factors, Biofilms

E. carotovora Virulence Factors, Antibiotics



Bacterial Communities




V. harveyi Output




Two Types of Molecules
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The V. harveyi Quorum-Sensing Network
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The V. harveyi Quorum-Sensing Network
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SRNA Regulation in Bacteria
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Qrrs-LuxR:Stoichiometric Binding

Start RBS
IuxR CAUAUUUCUUYYU N GUUUGGGGAUAAUCCCCUAA - -
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The V. harveyi Quorum-Sensing Network
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The V. harveyi Quorum-Sensing Network
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Gene expression

V. harveyi Quorum Sensing
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Differential Regulation of Qrr sRNAs
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Differential Regulation of Qrr sRNAs
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V. harveyi Quorum Sensing
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Relative Light Units

The Qrrs Function Additively
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Fluorescence

The Qrrs Function Additively
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V. harveyi Quorum Sensing

Al:1 . Al-2
LuxN LuxPQ
LuxO~P
SRNAs luxR l

Promoter strength
1]
[ ]
]

]

5 Qrr sRNAs

Individual-cell Bioluminescence
ndivi uge-ﬁgs |—LuxR—P group behavior
genes



RLU

Titration Model:
Balance of Qrrs and LuxR
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Precise Regulation of Gene Expression
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Precise Regulation of Gene Expression
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Precise Regulation of Gene Expression
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Precise Regulation of Gene Expression
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V. harveyi Quorum Sensing
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Feedback in the Circuit



Feedback Loops in the Network
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LuxR-mCherry Protein as the Output
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Wild-type Input-Output Relation
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Effect of LuxO Feedback on Output

o
Al-1 ¢ JAl-20 WT LuxO Loop
([ LuxN LuxPQ LuxN LuxPQ
LuxN LuxPQ A4 '4 x
LuxO LixO

N/ 3:1-5 XV
L“XO X 1o C lecsp

er1 -5 10

1 600

" T 500

:" 400
ok 100 10" 10" 10

LuxR- mCherry AI 1 Al-1(nM)

300
200




Effects of Feedback Loops on Output
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The circuit is designed to detect a large input dynamic range
The circuit is designed to restrict the output dynamic range



A Feedback Loop to the LuxN Receptor



Cells Regulate Receptor Ratios
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Eliminating Receptor Ratio Regulation

® WT LuxN Loop
A|_1 [ ) .AI_Z. LUXN\ /LuxPQ LuxN LuxPQ
u LuxO
LuxN LuxPQ 0 %
\ / ( Q-Ir-r1-5 ( Q-Ir-r1-5
LuxR-mCh:Py LUXR-mCh:Py
X LuxO Mean
Qrr1-5

LuxR-mCherryj




Eliminating Receptor Ratio Regulation
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The LuxN Feedback Loop Adds Noise



Extra LuxN to Alter Receptor Ratios
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Adding Extra LuxN to Alter Receptor Ratios
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Why Regulate Receptor Ratios?



Bacterial Communities




Why Regulate Receptor Ratios?

High Cell Density

Increased LuxN is produced

Pay attention to Al-1
Filter out Al-2 fluctuations

Low Cell Density

LuxN is repressed
Pay attention to Al-2
Filter out Al-1 fluctuations
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Reminder: Al-1 means “Self” and Al-2 means “Other”



Ongoing Experiments

Precisely alter receptor ratios and
monitor circuit function.

Control and regulate the input signal
temporal profile using microfluidics.

Examine if the input dynamic range
affects fitness.



Quorum Sensing In Bacteria

Bacteria talk to each other
Bacteria are multi-cellular
Bacteria can distinguish self from other

Receptor regulation allows signal discrimination

Feedback loops control input range, output range
and noise
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