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The Smartest Bacteria on Earth

One species of soil microbe makes unosoally wise communal decisions
By dnna Keechmend, stafl"edifor
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L"idée méme de quotient intellectuel, chez ces étres unicellulaires, peut surprendre.
Et pourtant : rassemblées en colonies de milliards d”individus, les bactéries sont
capables de communiquer, de prendre des décisions et de sadapter a leur miliev.
Les preuves d'un potentiel génétique... qu’il est désormais possible de quantifier !
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Les colonies ont du mal a grandir sur des surfaces dures et fermes.
Dans ce cas, P. dendritiformis adopte une forme buissonnante (a g.):
les bactéries, regroupées en branches épaisses, sécrétent ensemble
un lubrifiant “cirant” le sol sous elles. Si la nourriture manque, I'ar-
borescence se fait alors moins dense pour limiter les besoins (a dr.).
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ELLES CHANGENT DE MOTIF
POUR OPTIMISER LEUR
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w/ I /I W R | ries croissent vite, en formant des boucles.
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lectif: les branches épaisses de la
colonie s'allongent et s‘affinent
pour aller plus loin et plus vite.

En cas de carence (ci-dessus), tout en étant
7~ p s ; iy 4 Y moins nombreuses que dans la forme buis-
/ f sonnante, elles exploitent plus efficacement

( ) | lamoindre parcelle de nourriture disponible.
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Sporulation, Competence, Cannibalism

From Avi Minsky WIS
Spores of Bacillus subtilis
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Identification of the logical functions
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Low noise High noise
For rare events For frequent events
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Phosphorylatlon and Dephosphorylatlon
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Time scale control by using different Amino Acids
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The measured concentration



Using the Properties of Hill Functions
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Identification of moduls
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System Level Perspective = The Decision Systemn
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Stress ) _ _
\ Spo0A" = Internal time or Proper time

Sensin 1 Memory (Kernel)
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Example of “Social Coordination”
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Interplay between the two master regulators
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Very Low Stress
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Individual Flexibility and Expected Group Decision

Physics perspective: new universality class

EE perspective: new synchronization class

Biology perspective: decision by other cells (e.g. cancer)

Mathematics perspective: game theory

Neuroscience perspective:
The role of inhibition in human decision

THE JERUSALEM POST - FRONT
(Can bacteria teach us how to make life decisions?

TAU physicist says single-cell organisms can show humans how to cope with stress



== Navigatils in cancer cells

Mesenchymal vs. Amoeboid

“Path generating”

Rely on proteolytic degradation
of the surrounding matrix

“Path finding"

Amoeboid motility that is accompanied
by membrane blebbing

With Inbal Hecht, Assaf Zaritsky, llan Tzarfati, Herbert Levine









From Science News March 24

Knowing It in Your Gut:
Cross-Talk Between Human Gut Bacteria and Brain
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"It would appear, Hopkins, that vour gut feel was only indigestion™
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Bacterial ""Blue Movies"



Harnessing Cannibalism to Outsmart Bacteria

With Be'er, et al., PNAS 2009, Be’er, Ariel et al., PNAS 2010
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Beyond a single colony

Colony-colony competition




With A. Sirota, O. Kalishman, Y. Helman

MASY
EYTSKEELKKTIHAAYLLLDGEFEGIDDSQKDNRVPE
VDRTPAEIITYQLGWLHLVMGWDRDELAGK _
PVIMPAPGYKWNQLGGLYQSFYAAYADLSLTELR
RLFRDTMARWIHINEROQWLDWIDTLSEEDLFTQ

SVRKWTGDKPNWP SAAPFKTFRAKIRKWKK
HQRQA
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DisB — Dendritiformis sibling bacteriocin
(Siblicidin)

subtilisin = s——

DfsB—+ P

D1sB + Subtilisin -> SIf

SIf — Sibling Lethal Factor




Example of Self-Organization: Modular Organization




Chemotaxis
Sensing, memory, information processing

Chemotaxis —
Movement according to chemical gradients

Chemotactic Signaling '[

Chemotactic Signaling—
Chemotaxis in response to chemicals secreted by the cells



Attractive chemotaxis




Repulsive chemotaxis




VYeloeity alignment with curl chemetaxis

Bacterial
Self-Propulsion Veloclity alignment densilty Nloise
dv, }_ V; y
di lv,|
] | |
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velocity
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Bactearial Mathematics |

Adjusting the viscosity and the rate of production
of the lubricating fluid

Mathematical corner




Bacterial Mathematics ([
Nonlinear Stability of the Branches

Active bacteria

—

Stationary (pre-spore)
bacteria




Epigenetic memory?




Part Vs Swarmimg [mtelligence

Collective (Distributed) Information Processing

Ingham and Ben-Jacob, BMC Microbiology 2009

With Oren Kalishman and Colin Ingham
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Swarming Intelligence

Buridan’s Ass

The Dilemma of choice

Collective Sensina & Decision makina
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The Genius of Bacte
Monday, January 24, 2011

T AU develops an 10 test to assess and outsmart bacter

IQ scores are used to assess the intelligence of human
has developed a "Social-IQ score" for bacteria — and 1
powerful bacteria-based "green" pesticides for the agric

.




Social IQ of Bacteria

Social 1Q Distribution
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Deadly Competition Between Sibling Colonies

With Be'er, et al., PNAS 2009, Be’er, Ariel et al., PNAS 2010



Part Vs Swarmimg [mtelligence

Collective (Distributed) Information Processing

Ingham and Ben-Jacob, BMC Microbiology 2009

With Oren Kalishman and Colin Ingham
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Swarming Intelligence

Buridan’s Ass

The Dilemma of choice

Collective Sensina & Decision makina
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Swarms or Bacteria-like Smart Robots







Elighily: complex terrain




Quantification of the results
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[mplications for cells im o maze

A bootstrapping mechanism




3c’er et. al., PNAS, 2009




Theoretical Investigations —

subtilisin or SIf levels
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With A. Sirota, O. Kalishman, Y. Helman
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DisB — Dendritiformis sibling bacteriocin
(Siblicidin)

subtilisin = s——

DfsB—+ P

D1sB + Subtilisin -> SIf

SIf — Sibling Lethal Factor
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Why are the Patterns so Appealing?







-

A_, j
)

\\\
m
1
)

A

O/l( i

—
=




»

iy

L L )

i
{1207
B et




The Racteria amd I = [Fulll Disclosure

How did I Persuade the Bacteria
to
Generate the Patterns

A New Kind of Art ?






Additional Example: Modular Organization




Reproducibility

Two colonies of ~ 1019 P. vortex bacteria.

Both inoculated from the same "parent” colony.
Growth time ~ 3 days









Part Vs Swarmimg [mtelligence

Collective (Distributed) Information Processing

Ingham and Ben-Jacob, BMC Microbiology 2009

With Oren Kalishman and Colin Ingham
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Swarming Intelligence

Buridan’s Ass

The Dilemma of choice

Collective Sensina & Decision makina
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Swarms or Bacteria-like Smart Robots







Elighily: complex terrain




Quantification of the results
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[mplications om cellls Im & Mmaze

A bootstrapping mechanism
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Why are the Patterns so Appealing?
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The Racteria amd I = [Fulll Disclosure

How did I Persuade the Bacteria
to
Generate the Patterns

A New Kind of Art ?
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The End



Exposure to antibiotics

Normal growth

Second exposure




Results of Model Simulations |

Observations Simulations




Very Low Stress
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Germination

From Liza Harry UTS Australia
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270 minutes
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Example of a Flip-flop Circuit
|B]

O
Stable

Unstable

B A]

With Daniel Schultz PNAS 2010



I Example of a Functional Role

.//\7 Filtering noise

Separation of time scales
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With Daniel Schultz PNAS 2010
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Time scale control by using different Amino Acids

¥ 3&

Histidine | Aspartic aC| Serine
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ClIhermotaxkils =

The measured concentration
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THE JERUSALEM POST - FRONT
Can bacteria teach us how to make life decisions?

TAU physicist says single-cell organisms can show humans how to cope with stress






The Two Bacterial Strains that we Developed
Paenibacillus dendritiformis Paenibacillus vortex

Both are Gram™ lubricating bacteria

Genome sequencing — about 7,000 genes — many surprises




