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SYNTHETIC ECOLOGY

Extending synthetic biology from the design of genetic circuits to
the engineering of ecological interactions, [...] linking processes at
the cellular level to the collective behavior at the system level.

Shou et al. 2007



Using Natural Selection to Design & Engineer Synthetic

Ecology Systems

Goals:  Product synthesis

BioDegradation

Ecological issues: Cooperation and Conflict among members

Stability Design Efficiency
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Facilitation: Cross-feeding & Environmental Engineering

Specmli?ﬁﬁgﬁggﬁ cégﬂfi %ﬂ:}ieucemm Loss of acetate specialist

Mass Action Environment Spatially Structured Env.
Stable Coexistence Not Stable

Helling et al. 1987 Saxer, Doebeli & Travisano 2009



Facilitation: =~ =~ = & Environmental Engineering

BvobucinIsingleobseuthmoRas aeoRiy e

in a static rich broth medium Back to one genotype

Start Shaking the tube

Rainey & Travisano 1998
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Mutualism: Cross-feeding

E. coli consumes lactose excretes acetate

BRIEF COMMUNICATION

To west the effect of mass action, bactena were added to a
125-mL flask with 10 ml of lactose M9 minimal media. Ev-
ery 24 h 100 p L was tansferred to a new flask (100-fold dile-
ton). Three replicates were carrsed out with initial frequencies of
99.69% methionine excreters and 0.01% noncxcreters.

= has been shown 10 cause & constitu-
Live expl ion of the i path (Lawrence etal. 1968).
It was antcipated that selectzon on cuu'omm: plates would be suf-
ficient 1o create cooperative Safmoneils, but methionine excretion
levels were no higher than i Ma as by

After every pessage, the number of £ coli and i e
were determined by plating on LB plates with X-gal. To deter-
mane the freg: ~ of s and 30

B ing assays (Fig. 1, maddle) and HPLC.
An indirect sc]cc{lon awthod was then used o sclect for

colonies were stabbed onto = lawn of £ cofi on a lactose plate
with X-gal. If an isolate was an excreler a blue coloay formed on
the plate. otherwise no coloay appeared.

Results

Al the start of the study. cultures of the bacteria were unable
o grow together (Fig. 1, Ich} A wpccxﬁc selection regime was
used 10 evolve o in Saf il
thereby allowing community growth.

EVOLUTION OF SALMONELLA WITH HIGH
METHIONINE EXCRETION

HPLC measurements indicated that initially Saefmonefic excreled
very low lcvch of methionine (3005 £ 0.002 mM methionine in

1A o was used Lo acquire

£ {la. First, an hed ch ical technigue

was used o select overpr ionof hicaine. Resi 10 the

Salmonella
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Wilds
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* -
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E. coli alone
met - !
- Salmonella
+ E. coli
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ure 1. Cross-streaks of the three types of Saimonella across £.
coli. E. coli was streaked horizontally across the plate. Safmonefls
was then streaked vertically from top to bottom. “Wild-type’ di-
cates the initial Saimonella typhimurivm. “Eth mutant” indicates
the soni i 1 = indil the

ionE that arose on plates with £ coli and
was used n cmtlmem The blue line s bacterial growth where
the was across F. coli.

by Sal Ha. Lactose mi 1
plales were seeded with 107 each of met-£ coli and ethionine-
v i fler and all d 10 grow for three days at 37°C.
The three-day plate coatained linle visible growih, but was
scraped and an abguol was spread on 2 new plate. After five
days oa the second plate. several large colonies appeared, con-
tining both £ cofi and Salmonelia. The Saimornelia in these
colonies were @ mutant that excreted high levels of methionine
thus enabling the £. coli to grow. Assays of methionine levels in
spent media confirmed an approximate 15-fold increase (008 =
002 mNM} an methionine excretion by these Salmonella mutants
(Fig. L: Methods). High excretion mutants arose twice in 10 repla-
cates (muluple colonies formang on the second plate within a
replicate were conservatively decmed one evolutionary origin as
they could have come from a single mutant on the first plate). The
second mutant perfy lenti
was notl measured with HPLC.

Ten indirect selection replicates were also in
type Salmonella. No evolution of high methionine excretion was
observed in these ¢ suggests that the ethionine treatment
facilitated the evolution of methionine excretion.

Ly i 55~ T ing assays, but

2ted with wild-

METHIONINE EXCRETION IS COSTLY

To determane whether methionine ired Sal 2e
fine: mutant Sal lla were d against wild-type
Salrmonells in ace1ale min

nal media. [n these conditions, £ cofé
were absent and the Saimaonefic grew according o their intrin-
sic metabolic abilities. Any fitness effect of methionine cxcretion
would lead to redoction in growth of methionine excreters and
therefore an increase in the freguency of wild-type Samoneila.
In liquid, the wild-1ype swept from an nitial frequency of 2% w0
pear fixation in one transfer, a selecton cocfficsent (s) of —0.432 =
0.05 for methionine excretion. The sclectzon cocfficient of methio-
niNe excreless in Comparison to nonexcreting ethionine mutanis is
—0.37 £+ 0.06_ This resultsuggests that there was a cost associated
with ethionine resistance. and an additon
with methionine excretion.

The apparent cost of methionine excretion distinguishes
Salmonella’s excretion from that of £, colis £. coli’s excretion
beneficial for the bacteria independent of other species, whereas
Salmonella's excretion clearly is nol | use the term cooperation
o describe Safmonella’s excretion as it benefits another speces,
and is not b ial to L Hlze in thye ab of interspecific

1 cost was associated

EVOLUTION 2370 3

Evolved Salmonella consumes acetate

excretes Met

% Met secreters

% Met secreters

BRIEF COMMUNICATION

Snatial Structure stahilizes the interaction

This of ion as an ion that is
selected because it helps a recipicat follows West et al. (20075}

COOPERATION IS SUPERIOR IN A STRUCTURED
ENVIRONMENT

The i fate of ive versus

Salmonefta was tested in a structured covironment. £. coli and
Salmonefla were plated together on lactose minimal plates st a
density 0f 5 > 107 each. Initally. the ioa con-

sisted of 995 1%

Ower four transfers 20 i
ioai through o greater than

BOSE (Fig. 2A). Comncident with the increase in cooperatoes. the
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Figure 2. Dynamics of the system with Son in rech - Graphs A-D are the percentage of cooperators in

he Salmarretts poglation. Graph E—H ars the log taratty of £ coll (filled squmred) arnd Salmoneia (oper chdes. A am € ara the sasutts

from communities grown on lactose plates when cooperators were instially rare. B and F are the results from communities growm on
lactose plates when cooperators were instlally common. € and G are the results from communities grown on acetate plates. D and H are

the results from communitios growm in lactose flasks with no spatial

a | EvorLuTiON 2000

Error bars the standard

Mass.Action leads to rapid loss of cooperuiion

of ion as an ion that is
selected because it helps a recipient follows West et al. (20075}

COOPERATION IS SUPERIOR IN A STRUCTURED
ENVIRONMENT

sisted of 995 wild-1ype and 1% cOoperative metiionne excreters.
Oves fous 20

A through o preater than
BOSE (Fig. 2A). Coincideat with the increase in cooperatoss. the
density of bactersa on the plates aftes 48 h increased by asore than

The v fate of versus 15-fold (Fig. 2E). This resvlt demonstrates that o lactose p].lu:'s
Salmonefls was tested in a structured covironment. £. cofi and the fitness cost of high ion by
Salmonella were plated together on lactose minimal plates =t a overcome by the fitness gained from receiving more food nom
density of 5 x 107 each. Initally. the ion con- E coli growth.
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Stability Summary

Facilitation Mutualism

> . - Spuiiul
Z  (rossfeeding | Mass Action
= Structure
=
=
S
& Environmental |  Spatial Spatial

Engineering | Structure Structure

Instability Ecological

Caused by T Cheaters = Evolutionary Breakdown



Application: Evolve o complex cooperative system

Unicellularit Multicellularit
Y y




Stability: Mutualism criteria

Multicellular organisms are mutualists

Spatial structure likely to be important
(counter examples myxo and dicty)




Ecological conditions: Mass Action

Selective conditions that promote the
evolution of spatial structure within
a mass action environment
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