Social interaction
in synthetic and natural
microbial communities
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Social interaction among cells is essential
for multicellular complexity.

molecular networks within
individual cells confer the

ability to interact 1~/ 41 i+ F)
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those same networks evolve from the
evolutionary conflict between individual and
population-level interests A L5 AH [F] ¥ ¥ 2% G a]
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(A)
A cooperative
interaction provides a

fitness benefit to recipients.

(B)
A population of
cooperators has a higher

productivity than one

(C)
a population of non-
cooperators.

(D)

Non-cooperators

can exploit cooperators
in mixed populations by
benefiting from
cooperation

without contributing.
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. Cooperators .» Non-cooperators

Cooperative social interactions that provide a population-
level benefit often come at a cost to individual’s cells
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The biofilms are examples of cooperation evolving
de novo from within a population

wild-type P. fluorescens is incapable of forming such biofilms
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* cooperation can evolve if cooperators preferentially favor
other, related individuals (Hamilton,1964)

* A cooperative trait is favored

if ( Hamilton’s rule)

c is the fitness cost to the actor CfE I f058 i
D

b is the fitness benefit to the recipient ez #mEmn
fi25)

ris the correlation between the genotypes of
actors and recipients
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(I

the siderophores of 2. aeruginosa

if r>c /b
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o formation The life cycle of M. xan-
7 2 e thus (ZEREERED
P G e grout (Zusman et al , 2007)
cycle and swarming
< (B)
Germination oy Non-cooperators
R Mygp;;// preferentially differentiate

into spores and have
an advantage when mixed
with wild-type cooperators.

~ > (C)
] . - No_nl-cc;c)pell'ators fail to fc;rm Non-cooperators fail
Mixed-strain fruiting body fruiting bodies ol

to form proper fruiting
bodies when alone.

Key: [ Cooperators (wild type) [0 Non-cooperators

Cooperation and conflict in fruiting body formation
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» Populations of interacting cells face a major challenge to
their functioning: the emergence of conflict from within.
Y (e b PN 1577

» All cell populations are prone to exploitative individuals that
may not contribute to shared resources, yet still benefit from
them.

TER“H AR AME



(I

Social interaction among cells is essential
for multicellular complexity.

N molecular networks within

How do p individual cells confer the
ability to interact A4 it 1 ]
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Quorum sensing as a social interaction motif

A B

Low density

Key: @ Cell a Autoinducer

(A) The ability of a cell to produce a signaling molecule (an autoinducer &%54)
and sense its extracellular concentration can enable the cell to sense changes in
population density

(B) Quorum sensing can be found in diverse systems such as
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V. cholerae D Effector T cell
Y
- A NG
Interference Deprivation
Regulatory
T cell

( C) pathogenic bacteria ( Vibrio cholerae ) and

( D) the adaptive immune system of mammals with common principles but different
molecular players. Interestingly, quorum sensing in both V. choleraeand effector T cells is
perturbed by competitor cells that sequester the signaling molecule. The enteric E. coli
interferes with V.cholerae by taking up the autoinducer Al-2 (Xavier and Bassler, 2005). The
immune response is mediated by IL-2 quorum sensing in effector T cells, but IL-2
deprivation by regulatory T cells is important to prevent autoimmune responses. An
important difference between the T-cell system and others is that the feedback on signal
production is negative (Feinerman et al , 2010)
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Social interaction among cells is essential
for multicellular complexity.
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Molecular mechanisms that stabilize
social interaction
* Discrimination is an important mechanism governing the
evolution of social behavior, and microbial interaction is no
exception. For example, quorum sensing can be a form of
molecular discrimination as it cannot be ‘eavesdropped’ by

cells lacking a cognate receptor.
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Conclusmns and

The current fQUEIORKhe census of the bacteria that make
up the communities, but more biologically significant is to
understand how these species interact in a mechanistic way
(Blaser, 2010). There is a flood of potential applications of
microbiome ecology to the environmental and medical fields

B XERZSARNBAARNHRELESE, ERAZAAANFELHRIE
WA (FR) ROERAE, LRABEDESFARERETOBLELEA,

K 1L AALRAIMEFFREEMRAEDERNS TR LSTE
2.ZRAIR AR ERALREERNGIRBBRT, AT 8RR
AMBALTHRLSREANE




MR 114 1

‘public good’

quorum sensing  FEREN
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thanks for your attention



