Learning from minimal natural cells

Andrés Moya

ECSB Il: Design, programming and
optimisation of biological systems

29 March — 03 April 2009

Sant Feliu de Guixols

. : VNIVERSITAT BDVALENCIA
nstitut Cavanilles de Biodiversitat i Biologia Evolutiva



“Top-down” approach

In vitro genome synthesis

Comparative Genomics Gene deletion experiments

Synthesis of a proto-cell from scracth

“Bottom-up” approach
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The LCA is not the same as the minimal cell

Archaea Bacteria

LCA

Eucarya
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However, natural evolved reduced genomes are,
par excellence, examples of minimal cells ...

Synechococcus

Buchnera aphidicola

Mycoplasma pneumoniae
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Because they are products of extensive natural
genome reductions....
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Because they are product of intensive genome reductions...
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... they can give us clues as to what must be
retained
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Definition of a minimal gene set in relation to the
environment

Chemically complex Chemically simple
environment environment (free-linving)
(host associated)
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Several orders of prokaryotes have independently evolved
reduced genomes
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Objective

Design and Engineer a reduced/optimized
genome/metabolism for Synechococcus elongatus
PCC7942 that maintains its free living condition and its
genetic transformation
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Biocombustible
precursos and/or
other end
products

Synechococcus elongatus PCC7942
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Comparative genome
analysis
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Step 1
In silico analysis

Synechococcus elongatus Optimized
PCC7942 metabolismo/genome
2665 genes Metabolic model < 2665 genes

iIspensable genes through
parative genomics
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Step 2
In vitro analysis
To test the predictions by

deleting genes from the
genome

To identify deletable genes

Synechococcus elongatus PCC7942 Prof. Fernando de la Cruz
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Endosymbiosis produces the smallest genomes

Obligate host associated

Dehalococcoides
{endosymbiotic or parasitic lifestyle)
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Symbiosis is a clearly widespread phenomena in the biosphere
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Plantae

Centrohelid heliozoa

Apusozoa

Methanobacteria M

Thermoprotei

Mitrospira
-Protecbacteria
B-Protecbacteria
¥-Protecbacteria
&-Protecbacteria
£-Protecbacteria
Spirochaetes
Verrucomicrobia
Ca. Endomicrobia
Ca. Poribacteria

-




Stablishment, maintenance and evolution of symbiosis
Replacement
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Cinara cedrl

Buchnera aphidicola: 416 kb
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Symbionts of C. cedri
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Metabolic complementarity
allows for small genome
size among endosymbionts

Cinara cedri . : i
Ca. Serratia symbiotica 5Ce

Chorismic acid Anthranilic acid

Tryptophan

Tryptophan

Tryptophan
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Thanks!!
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